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ION GH&IMBI. 

The present invent ion- relates to novel voltage-gated sodium 
channel proteins specific to sensory neurones, to nucleotide sequences 
capable of encoding these sodium channel proteiii3 ( to vectors 
comprising the nucleotide sequence, to host cells containing these 
vectors, to cells transformed with the DNA, to screens using the 
sodium channel proteins and/ or transformed cells, tc modulators of the 
sodium channel protein identified using the screen, to complementary 
stands of the DNA sequence which is capable of encoding the sodium 
channel proteins and to antibodies specific for the sodium channel 
proteins . 

Voltage-gated sodium channels are transmembrane proteins 
which cause sodium permeability to increase. Depolarisation of the 
plasma membrane causes sodium channels to open allowing sodium ions to 
enter alcng the electrochemical gradient creating an action potential. 

Voltage-gated sodium channels are expressed by all 
electrically excitable cells, where they play an essential role in 
action potential propagation. They comprise a major subunit of about 
20 00 amino acids which is divided into four domains (D1-D4) , etch of 
which contains 6 membrane -spanning regions (Sl-56) . The alpha-subunit 
is usually associated with 2 smaller subunit s (beta-1 and beta- 2) that 
influence the gating kinetics of the channel. These channels shew 
remarkable ion selectivity, with little permeability to other 
monovalent or divalent cations. Patch-clamp studies have shown that 
depolarisation leads to activation with a typical conductance of 
about 20pS r reflecting ion movement at the rate of 107 ions /second/ 
channel. The channel inactivates within rail li seconds (Caterall 
1992, Omri et al . 1992, Hille 1994). Sodiu:n channels have been 
pharmacologically characterised using toxins which bind to distinct 
sites on sodium channels. The heterocyclic guanidine -based channel 
blockers tetrodotoxin (TTX) and saxitoxin (STX) bind to a site in 
the &S-S€ loop, whilst m^-conotoxin binds to an adjacent overlapping 
region. A number of toxins from sea anemones or scorpions binding at 
other sites alter the vol tage- dependence of activation or 
inact ivation . Our understanding of the mechanism of action and role of 
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voltage gated sodium channels has been enhanced by the molecular 
cloning of several such channels and associated subunits. The 
electroplax sodium channel was cloned after purification and protein 
sequencing. The resulting cDNA probes were subsequently used to 
identify three neuronal sodium channels (types 1, 11, and ill) from 
rat brain by low stringency hybridisation. The expression of the 
three genes is developmental ly regulated and the type 11 gene is 
alternatively spliced to give rise to type 11 channels in developing 
brain and type lla channels that are expressed at higher levels in the 
adult brain. Three types of sodium chaneis have been distinguished by 
physiological criteria in adulr rat dorsal root ganglion neurons 
(Cafrey et al . i$92, Nowycky 19S3, Jeftjina 1994) , but in general 
little is known about the neuron- specif ic distribution of distinct 
forms of sodium channels. 

We have now found a voltage-gated sodium channel 
(hereinafter referred to as a sodium channel specifically located in 
sensory neurones) that is present in sensory neurons but not present 
in glia, muscle, or the neurones of the sympathetic, parasympathetic, 
enteric or central nervous systems. 

The sodium channel specifically located in sensory neurones 
^ahows relative insensit ivity to tetrodotoxin ( XC50 > l micromoiar) . 

Voltage-gated sodium channels that are blocked by nanomolar 
concentrations of tetrodotoxin are known as tetrodotoxin sensitive 
sodium channels (Hille 1394) whilst sodium channels that are blocked 
by concentrations greater than 1 micromoiar are known as 
tetrodotoxin- insensitive <TTXi) sodium channels (Pearce and Duchen 
1994) . 

Preferably the sensory neurones are the neurones of the 
dorsal root ganglia (DRG) or cranial ganglia. 

Most preferably the sensory neurones are the neurones of the 
dorsal root ganglia. 

Preferably the sodium channel is specifically located in rat 
sensory neurones . 

Most preferably the sodium channel has the amino acid 
sequence set out in Figure la or a conservative analogue or a sol ice 
variant thereof . 
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A conservative analogue is a protein sequence which retains 
the biological properties of the sodium channel but differs in 
sequences by one or more conservative amino acid substitutions . For 
the purposes of this document a conservative amino acid substitution 
is a substitution whose probability of occuring in nature is greater 
than ten times the probability of that substitution occuring by chance 
(as defined by the computational methods described byDayhoff et al, 
Atlas of Proteins Sequence and Structure, 1971, page and figure 

9-10) . 

A splice variant is a protein product of the same gene, 
generated by alternative splicing of mRNA, that contains additions or 
deletions within the coding region (Levin 19,95) . Two known splice 
variants of the original sodium channel are shown in Figure lb and lc . 

In another aspect the present invention provides a sodium 
channel specifically located in rat sensory neurones as encosed by the 
insert deposited in NCIMB deposit number 40744, which was deposited at 
The National Collections of Industrial and Marine Bacteria, 23 st 
Machar Drive, Aberdeen AE2 1RY, Scotland, United Kingdom on 27 June 
1995 in accordance with the Budapest Treaty. 

In another aspect the present invention provides a sodium 
channel specifically located in human sensory neurones. 

The invention also provides a nucleotide sequence encoding a 
sodium channel or a complementary strand thereof. 

Nucleotide sequences nay be protein nucleic acid (PNA) , DNA 
or rna and DNA may be genomic or cDNA. 

Preferably, the nucleotide sequence encodes a sodium channel 
specifically located in rat sensory neurones which i3 as set out in 
Figure la or a complementary strand thereof. 

The invention also provides an expression vector comprising 
a nucleotide sequence as hereinabove defined. In order to effect 
transformation, DNA sequences containing the desired coding sequence 
and control sequences in operable linkage (so that hosts transformed 
with these sequences are capable of producing che encoded proteins) ' 
may be included on a vector, however, the relevant DNA may then also 
be integrated into the host chromosome . 

The invention also provides a host cell comprising an 
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expression vector as hereinabove defined. 

Suitable hose cells include xenopus laevis oocytes, 
mammalian cells such as COS -7, HSK 293 cells and NIH303 cells, insece 
cells especially 5F9 or 21 clonal cells derived from Spodoptera 
fugiperata (in conjunction with baculovirus vectors) . 

The invention also provides a cell transformed with a 
nucleotide capable of encoding a sodium channel as hereinabove 
defined. 

The invention also provides a screeing assay for modulators 
of the sodium channel which is specifically located in sensory 
neurones wherein the assay comprises contacting a potential modulator 
with a transformed cell and detecting any change in activity of the 
sodium channel . 

The present invention also provides a modulator which has 
activity in the screening assay hereinabove defined. Modulators of 
the sodium channel as hereinabove defined are useful in modulating the 
sensation of pain. Blockers of the sodium channel will prevent the 
trasmission of impulses along sensory neurones and thereby be useful 
in the treatment of acute, chronic or neuropathic pain. 

The inventicn therefore also relates to the use of blockers 
■of the sodium channel as hereinabove defined in the treatment of 
acute , chronic or neuropathic pain. 

Typically a sodium channel consists of a single principal 
alpha- subunit containing the voltage sensor and sodium permeable 
pore, and one or two associated subunits <beta-l and beta- 2) which 
modify the gating character is cics of the channels but are not critical 
for activity (Catterall 1992} . 

The present invention also provides antibodies specific for 
the sodium channels hereinabove defined. The t.enr. anribedy as used 
herein includes all Immunoglobulins and fragments thereof which 
contain recognition sites for antigenic determinants of proteins of 
the present invention. The antibodies of the present invention may be 
polyclonal cr preferably monoclonal, may be intact antibody molecules 
or fragments containing the active binding region of the antibody, 
e.g. Fab or F lab) n and can be produced using techniques well 
established in the art [see e.g. R.A DeWeger et al ; Immunological 
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Rev., 62 P29-45 (1982)]. 

Tile antibodies of the present invention may also be of 
interest in purifying a polypeptide of the present invention and 
accordingly we further provide a method of purifying a polypeptide of 
the present invention as hereinabove defined or any portion thereof or 
a metabolite or degration product thereof which method comprises the 
use of an antibody of the present invention. 

The purification method of the present invention may be 
effected by any convenient technique known in the art for example by 
providing the antibody on a support and contacting the antibody with a 
solution containing the polypeptide whereby the antibody binds to the 
polypeptide of the present invention. The polypeptide may be released 
from binding with the antibody by known methods for example by 
changing the ionic strength of the solution in contact with the 
complex of the polypeptide/antibody . 

Complementary strands of the nucleotide sequences as 
hereinabove defined can be used in gene therapy [US 5/399,346] . 

For example, the cDNA sequence or fragments thereof could be 
uaed in gene therapy strategies to down regulate the receptor. 
Antisense oligonucleotides or an ancisense contract driven by a strong 
constitutive promoter expressed in the target sensory neurones would 
be delivered either peripherally or to the spinal cord. 

The regulatory regions controlling expression of the sodium 
channel gene could be used in gene therapy to control expression of a 
therapeutic construct in cells expressing the channel. 

Such regions would be isolated by using the cDNA as a probe 
to identify genomic clones carrying the gene and also flanking 
sequence e.g. cosmids . Fragments of the coemide containing intron or 
flanking sequence would be used in a reporter gene assay in e.g. DRG 
cultures or transgenic animals and genomic fragments carrying e.g. 
promoter, enhancer or LCR activity identified. 

The invention will now be further described with reference 
to the following examples : 

Preferably the sodium channel is substantially free of 
material with which it is normally found in nature. 

Preferably the sodium channel is in a substantially purified 

form. 
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Example 1 - Derivation of the sequence of « rat d^^i root , a 
I PRO) aodium channel cDKA by subtraction hy brid i«M^n method^ ^ 

1.1 cDNA — synthesi s from SRG-derived po!v-a+ rka 

Dorsal root ganglia (DRG) from all spinal levels of 
neonatal Sprague-Dawley male and female rats were frozen in liquid 
nitrogen. RNA is extracted using guanidine isothiocyanate and 
phenol/chloroform extraction (Chomczynski and Sacchi 19S7 Anal Biochem 
162,1S$-159) . 

Total RNA isolation - the nerve tissue is homogenised using 
a Polytron homogeniser in ami extraction buffer (23. 6g guanidinium 
isothiocyanate, 5ml of 250 wM sodium citrate ( P H 7.0) made up to 50ml 
with distilled water. To this is added 2.5ml 10% sarcosyl and 0.36ml 
fi-mercaptoetha^ol). 0 . InU of 2M sodium acetate (pH 4.0) is added 
followed by 1 ml phenol. After mixing, 0.2ml chloroform is added and 
this is shaken vigorously and placed on ice for 5 minutes. This is 
then centrifugad at 12,000 revolutions per minute (rpm) for 30 minutes 
at 4°C. The aqueous phase is transferred to a fresh tube, 1ml of 
isopropanol is added and this is left at -2 0*C for an hour followed hy 
centrifuging at 12000 rpm for 30 minutes at 4°c. The pellet is 
dissolved in 0.1ml extraction buffer and is again extracted with 
isopropanol. The resulting pellet is washed with 70% ethanol and is 
resuspended in diethyl pyr ©carbonate (DE?C> -treated water. 0.3M sodium 
acetate <pH5.2) and 2 volumes of ethanol are added and the mixture is 
placed at -20*C for 1 hour. The RNA is precipitated, washed again with 
70% ethanol and resuspended in D2PC- treated water. The optical density 
is measured at 260 nanometres (cm) to calculate the yield of total 
RNA, Poly A-f RNA is isolated from the total RNA by oligo-dT cellulose 
chromatography (Aviv and Leder 1972 Proc Natl Acad Sci 69,1408-1411). 
The following procedures are carried out at 4*C as far as is possible. 
Oligo-dT cellulose (Sigma) is prepared by treatment with 0 . 1M sodium 
hydroxide for 5 minutes. The oligo-dT resin is poured into a column 
and is neutralised by washing with neutralising buffer (C . 5 M 
potassium chloride, O.OO-M Trie (Trizma base - Sigma - 
Tris{hydroxymenhyl)amincmethane) (pH 7.5). The RNA solution is 
adjusted to 0 . 5M potassium chloride, 0.01M Tris (pH7.5) and is applied 
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to the top of the column. The first column eluate is re-applied to the 
column to ensure sticking of che mRNA to the oligo-dT in the column. 
The column is then washed with 70ml of neutralising buffer and the 
polyA+ RNA is eluted with 6ml 0.01M Trie <pH7.5) and 1*1 fractions are 
collected. The poly A+ RNA is usually in fractions 2 to 5 and this is 
checked by measuring the optical density at 2S0nm. These fractions are 
pooled and ethanol precipitated overnight at -70°C, washed in 70% 
ethanol and then redissolved in deionised water at a concentration of 
Img/ml . 

First strand cDNA was generated using O.S^g DRG poly A+ 
mRNA, oligo-dT/Not-I primer adapters and Superscript reverse 
transcriptase (Gibco-BRL) using methodology as described in example 2 . 
One half of the cDNA was labelled by including 2 M3q 32 P dCT? 
-'Amersham) in the reverse transcriptase reaction. Labelled cDNA is 
separated from unincorporated nucleotides on Nick columns (sephadex 
G5 0 - Pharmacia) - 



1.2 Snrichffl«nt of D RG-opQcific CDNA using subtraction hybridisation . 

Poly A+ RNA from various tissues (10/ig) is incubated with 2.0 tig 
-photoactiva table biotin {Clontech) in a total volume of 15^1 and 
irradiated at 4°C for 3 0 minutes with a 250 watt sunlamp. The 
photobiotin is removed by extraction with butanol, and the cDNA 
co-precipitated with the biotinylated RHA without carrier RNA (sive 
and St. John 1988 Nuc Ac Res 16,10937). Hybridisation is carried out 
at 58°C for 40 hours in 20% formamide, 5GmM 3- (N-Morpho lino) propane - 
sulphonic acid (MOPS) (pH 1.6), 0.2% sodium dodecyl sulphate (SDS) , 
0.SM sodium chloride, 5mM ethylenediaminetetraacetate (EDTA - Sigma) . 
The total reaction volume is 5ml and the reaction is carried out under 
mineral oil, after an initial denaturation step of 2 minutes at 95°C 
100ml SOmM MOPS <pH 7,4), 0 . SM sodium chloride, SmM EDTA containing 20 
units of streptavidin (BRL) is then added to the reaction mixture at 
room temperature, and the aqueous phase retained after two phenol 
/chloroform extraction steps. After sequential hybridisation with 
biotinylated mRNA from liver and kidney, followed by core ex and 
cerebellum, a 80-fold concentration of DRG-specific transcripts is 
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achieved , 

One third of the 1-2 ng of residual cDNA is then G-tailed 
with terminal deoxynucleotide transferase at 3 7 *C for 30 minutes. The 
polymerase chain reaction is used to "amplify the cDNA using an 
oligo-dT-Not-I primer adapter and oligc-dC primers starting with the 
sequence AATTCCGAiC) 10 . Amplification is carried out using 2 cycles 
of S5°C lmin, 45*C 1 min, 72*C Brain, followed by 2 cycles of 9S*c for 
1 minute , 58*0 for 1 minute 72 *C for 5 minutes. The resulting 
products are then separated on a 2% Nu-sieve agarose gel, and material 
running at a size of greater than 0.5 kilobase pairs {kb> is eluted 
and further amplified with 6 cycles of 45*C for 1 minute, 58 °c for i 
minute and 72«c S for minutes. This material is further separated on a 
2% Nu-sieve agarose gel, and the material running from 6kb on the gel 
is eluted and further amplified using the same PCR conditions for 27 
cycles. The amplified DNA derived from this high molecular regicn is 
then further fractionated on a 2 % Nu- Sieve gel, and cDNA from 0.5 co 
1.5kb, and from l.S to 5kb pooled. 

1.3. Iiibrarv Construction 

IC/ig of the bacteriophage vector lambda-zap II (Stratagene) 
"is restriction digested with Not I and EcoRX in high salt buffer 
overnight at 37*c followed by dephosphorylatioc using 1 unit of calf 
intestinal phosphatase (Promega) for 30 minutes at 37°C in lOmM 
Tris.KCl (pH9.5), IsnM spermidine, O.lmM EDTA. DRG cDNA is digested 
with Klenow enzyme in the presence of dGTP and dCTP to construct an 
EcoRl site from the oligo-dC primer (see above) at the S' end of the 
cDNA, and cut with Wot I for directional cloning. The cDNA is ligated 
into the cloning vector bacteriophage lambda- zap XI for 1$ hours at 
12 °C. Recombinant phage DMA is then packaged into infective phage 
using Gigapack gold (Stratagene) and protocols specified by the 
suppliers. 0 . i% of the packaged DNA is used to infect E.coli BB4 
cells which are plated out t:o calculate the number of independent 
clones generated. 

1*4 Differential Screeni-nq 

The library is plated at a low density (10 3 clones/ 12 x 12 
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cm dish) and screened using three sets of 32 P-labelled cDNA probes 
and multiple filter lifts. Replica filters are made by laying them 
onto the plated library plates, briefly drying them and then laying 
onto f resh agar plates to increase the quantity of phage and .the 
subsequent hybridisation signals of lifts taken from 
them. The probes are. derived from; a) cortex and • cerebellum pcly A + 
RNA, b) DRG poly A+ RNA , and c) subtracted cDNA from DRG. The two 
mRNA probes are labelled with 32 p dCTP using a reaction mixture 
containing 2-S*g RNA, 50*1 5 x RT buffer, 25 *1 0.1M 

dithiothreitol {DTT} , 12.5*1 10mM dATP, dGTP, dCTP, 30pM oligo-dT, 75 
*1 ~P-dCTP (3 OMBq Amersham) , 25*1 lOOuM dCTP, 2*1 RNasin <2units/ral) 
and 2*1 Superscript reverse transcriptase (GibcoBRL) in a final volume 
of 250*1, The reaction is incubated at 39«C for CO minutes, and the 
KNA subsequently destroyed by adding 250*1 water, 55*1 1H 
NaOH, and incubating at 70*C for 20 minutes. The -reaction mixture is 
neutralised with acidified Tris base (pH 2.0) and precipitated with 
carrier tRNA (Boehringer) with isopropanol. The subtracted and 
amplified double- stranded DRG cDNA is random-prime labelled with 32 P 
dATP (Gibco multiprime kit) . Replica filters are then prehybridised 
for 4 hours at 66°c in hybridisation buffer. Hybridisation was carried 
out for 20 hours at 68<»C in 4 x SSC (20xSSC consists of 175. 3g of 
sodium chloride and 68. 2g of sodium citrate in 800ml of distilled 
water. The pH is adjusted to 7.0 with 10N sodium hydroxide and this is 
made to 1 litre with distilled water) , 5x Denhardts solution 
containing 150 mg/ni salmon sperm CNA, 20mg/ml poly-U, 20mg/ml poly-C, 
0.5% SDS (Sigma), 5mM EDTA. The filters are briefly washed in 2 x SSC 
at room temperature, then twice with 2 x SSC with 0.5% SDS at 6S*C for 
15 minutes, followed by a 20 minute wash in 0.5% SDS, 0.2 x SSC at 
ea c C. The filters are autoradiographed for up to 1 week on Kodak 
X-onat film.- Plaques that hybridise with DRG probes but not cortex and 
cerebellum probes are picked, phage DNA prepared and the cloned 
inserts released for subcloning into pBluescript (Stratagene) . 

The positive plaques are picked by lining up the 
autoradiogram with the plate using orientation marks and taking a plug 
from the plate corresponding to the positive hybridisation signal . The 
phage is eluted from the plug in 0,5:nl phage dilution buffer (lOmM 
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Tris chloride <pH7.5) lOmM magnesium sulphate) and the phage 
re-infected into E.coli BB4 and replated at a density of 200 to iooo 
plaques/isomm plate as a secondary purification step to ensure purity 
of the clones. The positive secondaries are then picked as described" 
previously. In order to sub-clone the insert DNA £ron». the positive 
recombinant phage, they need to be amplified. This is accomplished by 
place lysis where the phage totally lyse the K.coli bra . 0 .2ml of 
phage suspension is raixed with 0.1ml of an overnight culture of 
E.coli. This is added to 2 . 5ml of top agar (I6g bacto- tryptone 10 6 
bacto-yeast extract 5g sodium chloride 7g bacto-agar in 900mls 
ditilled water} and plated onto 9cm 2 agar plates. These are incubated 
overnight at 3 7°c. 5ml of phage dilution buffer is then added to the 
plates and is incubated overnight at 4«C or for 4 hours with gentle 
scraping at room temperature. The phage -containing buffer is then 
recovered, 0.1ml chloroform is added and this phage stock is titrated 
as above and stored at 4«c, Phage DNA is prepared by first infecting 
101C E _ ,cpli B44 with 109 plague forming units (pfus) of phage in 3ml 
of phage dilution buffer and shaking at 37°C for 20 minutes. The 
infected bacteria are added to 400nl of L broth (1.6% bactotryptone, 
0.5% (w/v) Bacto yeast extract, 0.5* (w/v) magnesium sulphate) with 
•vigorous shaking at 37«C for 9 hours. When lysis has occurred, 10ml of 
chloroform is added and shaking is continued for a further 30 minutes. 
The culture is then cooled to room temperature and pancreatic RNAase 
and DSAase are added to lug/ml for 40 minutes. Sodium chloride is 
then added to 1M and is dissolved by swirling on ice. After 
cencrifuging at eoOOrpra for 10 minutes the supernatant is recovered. 
Polyethylene glycol (PSG 6000) is added to 10% w/v and is dissolved by 
stirring whilst on ice for 2 hours. After centrifuging for BOOOrpm for 
10 minutes at 4«c the pellet is resuspended in 8ml of phage dilution 
buffer. This is extracted with an equal volume of phenol /chloroform 
followed by purification on a caesium chloride gradienc (0.675g/ml 
caesium chloride - 24 hours at 38000 rptc at 4°C) . The opaque phage 
band is removed from the centrif ugation tube and dialysed againsc lOmM 
sodium chloride, 50mM Tris (pH8.0), lOmM magnesium chloride for 2 
hours. EDTA is then added to 20mM, proteinase K to 5 0ug/ml and SDS to 
0.5% and is incubated at eS°C for 1 hour. After dialysis overnight 
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against TB pure phage dna results. The cloned insert is digested from 
the purified phage DNA using restriction enzymes as previously 
described. Each phage insert is then ligated into a plasmid vector 
e.g. pBluescript - Clontech using a ligation reaction as previously 
described. 

Clone characterisation. 

The plasmids are cross hybridised with each other. Unique clones are 
further analysed by Northern blotting and sequencing. The clone/a 
showing transcript sizes and sequence comparable with sodium channels 
are then used as hybridisation probes to screen neonatal a rat DRG 
oligo dT-primed full length cBNA library to derive full length cDNA 
clones using methodology as described above and in example 2. 
Biological activity of the rat DRG sodium channel is confirmed as in 
examples 4 and 7 below. 



Bxample 2 " Homolocrv cloning o f the human cDNA homologous to r** 

r at DRG sodium channel cDNA (SNS-B) . 

2.1. Isolati on of httman ganglia total RKA 

The starting material for the derivation of the human cDNA 
homologue of the rat DRG sodium channel cDKA is isolated human dorsal 
root ganglia or trigeminal ganglia or other cranial ganglia from 
post-nortem human material or foetuses. Total ribonucleic acid (UNA) 
is isolated from the human neural tissue by extraction 
in guanidinium isothiocyanata (Chomczynski and Sacchi 1987 Anal 
Biochem 162,156-159) as described in example 1. 

2.2 Determ ination of the transcript sizo of the human homologue of the 
rat DRG sodium channel cDNA (SNS-B) . 

Human dorsal root ganglia total RNA is electrophoretically separated 
in a 1% (w/v) agarose gel containing a suitable denaturing agent e.g. 
formaldehyde (Lehrach et al 1977 Biochemistry 16,4743; Goldberg 1980 
Proc Natl Acad Sci 77,S794 ; Seed 1582 in Genetic engineering : 
principles and methods (ed JTC Setlow and A Kollaender) vol 4 p9i 
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Plenum Publishing New York) or glycxal/DMSO (McMaster and 
Carmichael GG 1977 Proc Nati Acad Sci 74,4835) , followed by transfer 
of che KtA no a suitable membrane {e.g. nitrocellulose). The 
immobilised RNA is then hybridised to radioactive {or other suitable 
detection label) probes consisting of portions of the rac sodium 
channel cDHA sequence {see below) . Af zer washing of the rssmbrane to 
remove non- hybridised probe, the hybridised probe is visualised using 
a suitable detection system (e.g. autoradiography for 32 p labelled 
probes) thus revealing the size of the human homologous roRUA molecule. 
Specifically, 20-30 fi 9 total RHA from neonatal rat tissues are 
separated on 1.2% agarose -formaldehyde gels, and capillary blotted 
onto Hybond-M (Araersham) (Ninkina et al. 1993 tTuc Ac Res 
21,3175-3132) . The amounts of RNA on the blot are roughly equivalent, 
as judged by ethidium bromide staining of ribosomal RNA or by 
hybridisation with the ubiquitously expressed L-27 ribosomal protein 
transcripts (I,e Beau et al. 1991 Nuc Ac Res 19,1337) . Each Northern 
blot contains . human DRG, cortex, cerebellum, liver kidney, spleen and 
heart RNA. Probes (SOng) are labelled with 32 p-dAT? (Amersham) by 
random priming. Filters are prehybridised in 50* formaldehyde 5 x SSC. 
containing 0.5% SDS, 5 x Denhardus solution (50x Denhardts contains 5g 
of Ficoll (Type 400. Pharmacia), 5g of polyvinylpyrrolidone, 5g of 
bovine serum albumin (Fraction V, Sigma) and water to 5 00ml), 100 
mg/ml boiled salmon sperm DNA, 10 mg/ml poly-U and 10 rag/ml poly-C at 
45°C for 6 hours . After 36 hours hybridisation in the sane conditions, 
the filters are briefly washed in 2 x SSC at room temperature, then 
twice with 2 x SSC with 0.5% SDS at 68 °C for IS minutes, followed by a 
20 minute wash in 0.5% SDS, 0.2 x SSC at €S«C. The filters are 
autoradiographed for up to 1 week on Kodak X-cmat film. The transcript 
size is calculated from the signal from the gel in comparison with gel 
moieculr weight standard markers. 



2.3 Production of a human DRG cDHA library 

In order to produce a representative cDNA library from the 
human dorsal root ganglia messenger RNA (poly A+ mHNAJ is first 
isolated from the total RNA pool using oligo-dT cellulose 
chromatography (Aviv and Leder 1972 Proc Natl Acad Sci 69,1403-1411) 
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using methodology described in example i. Synthesis of the first 
strand of cDNA from the pclyA+ RNA uses the enzyme RNA-dependent EN A 
polymerase (reverse transcriptase) to catalyse the reaction. The most 
commonly used method of second strand cDNA synthesis uses the product 
of first strand synthesis , a cDNArmRNA hybrid, as a template for 
priming the second strand synthesis. {Gubler and Hoffman 1983 Gene 
25,263) ) . 



2.3.1. First strand cDHA avnthesig - 2Cug of human DHG polyA* RNA is 
pre- treated to destroy secondary structure which may inhibit first 
strand cDNA synthesis. 20ug of polyA+ RNA, lul 1M Tris 
(pH7.5) are made up to a volume of lOOul with distilled water. This is 
incubated at 90°C for 2 minutes followed by cooling en ice. 4.8 ul of 
100 tnM methyl mercury is then added for 10 minutes at room 
temperature. lOul of 0 . 7M S-mercaptoethanol and 100 units of human 
placental RNAa.se inhibitor are then added for 5 minutes at room 
temperature. The first strand synthesis reaction consists of Bui 20mM 
dAT?, Sul 20mM dCTP, Sul 20mK dGTP 8ul 20mM dTTP , lOul lmg/ml oligo-dT 
(12-18), 20ul 1M Tris (pH 8.3) Cat 45*C) , 3ul 3M potassium chloride, 
3-3uI 0.5M magnesium chloride, 3ui a 2 P dCTP, 100 units Superscript II 
"reverse transcriptase (GibcoBHL) made up to 200ul with distilled 
water. This reaction mixture is incubated at 45°C for 45 minutes after 
which another 50 units of superscript reverse transcriptase is added 
and incubated for a further 30 minutes at 45*0. EDTA is then added to 
lOraM to terminate the reaction and a phenol /chloroform extraction is 
carried out. The DMA is then precipitated using ammonium acetate 
(freezing in dry ice/ethanol before centrif uging) , washed with 70% 
ethanol and resuspended in SGfil distilled water. The size of the 
single stranded is assessed by electrcphoretically separating it 

out on an agarose gel (IV w/v) and autortadiographing the. result 
against markers . 

2*3.2 Second strand synthesis - the second strand synthesis reaction 
mixture consists of 0 . S^g human DUG single stranded DNA, 2^1 1M Tris 
(pH7.5), lul 0 . 5M magnesium chloride, 3.33/xl 3M potassium chloride, 
2/il 0 . SM ammonium sulphate, 1 . 5/il lOmM ^nicotinamide adenine 
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dinucleotide (NAD) , 4^1 of each of the im* dNTPs , 5^1 img/ml bovine 
serum albumin (BSA) , i unit RNAase-H, 25 units Klenow polymerase all 
made up to 100^1 with distilled water. This is incubated at 12*C for 1 
hour and then at 20°C for 1 hour. The reaction is stopped by addition 
of EDTA to 20mM followed by a phenol /chloroform extraction. The DNA is 
ethanol precipitated (-70°C overnight) and is then washed with 70% 
ethanol followed by resuspensicn in 20pl distilled water. Size is 
checked by gel electrophoresis and autoradiography. 

2-3,3 Double atrandad cDMA ead repair - in order to add linkers to the 
end of the cDNA molecules for subsequent cloning, the ends must first 
be repaired. The human DRG cDNA is treated with 500 units/ml of SI 
nuclease in 0.25M sodium chloride, lmM zinc sulphate, 50rnM sodium 
acetate (pH4.5). Incubation is at 30<>C for 40 minutes followed by 
neutralisation with Tris (pH 8.0) to 0.2M. The DNA is again ethanol 
precipitated, washed in 70% ethanol and reeuspended in 20ul discilled 
water. The size is again checked to ensure that si nuclease digestion 
has not radically reduced the average DJtCA fragment size. The repair 
reaction consists of 19/zl cDNA, 3^1 10xT4 polymerase buffer (0.33M 
Tris acetate (pH7.9), 0 . 66M potassium acetate, 0 . 1M magnesium acetate, 
-lmg/ml BSA and 5mM DTT) , 2pl of each dNTP at 2mM, 2^1 T4 polymerase 
and 4^1 distilled water. This is incubated at 3 7*C for 30 minutes 
followed by addition of 1^1 Klenow polymerase for 1 hour at room 
temperature . The DNA is then ethanol precipitated, washed in 70V 
ethanol and resuspended in SjmI distilled water. In order to protect 
naturally occurring restriction sites within the cDNA from beinc 
cleaved, the cBNA is treated with a methylase before the addition of 
linkers. The reaction mixture consists of 5pl human DRG double 
stranded DNA, 1^1 S- adenosylmethionine , 2^1 lmg/iul BSA, 2^1 5x 
methylase buffer (0.5M Tris (pH8.0), 5mM EDTA) , 0.2>tl EcoRI methylase 
(NEB) . This is incubated at 37°C for 20 minutes followed by phencl 
extraction, ethanol precipitation washing with 70% ethanol and 
resuspension in 2 0^il distilled water. 



2.3.4. Addition of 1 inker 0 to cPMA - EcoRI linkers are ligated to the 
cDNA molecules to facilitate cloning into lambda vectors. The ligation 
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reaction mixture consists of lptl iox ligation buffer (O.Sm Tris 
chloride (pH7.S>, 0.1M magnesium chloride and 0.05M DTT) , lul lOmM 
ATP, lOOng cDNA, 5/ig EcoRI linkers, l unit T4 DNA ligase, distilled 
water to 10^1 . The reaction is incubated at 37°c for 1 hour, followed 
by addition of 6 more units of T4 ligase and a further incubation 
overnight at 15°c. The ligated samples are ethanol precipitated, 
washed in 70* ethanol and reeuepended in 10^1 distilled water. The 
cDNA is then digested with EcoRI to cleave any linker concatamers 
formed in the ligation process. This restriction digestion reaction 
contains 10/il cDNA, 2fil high salt buffer (lOraM magnesium chloride, 
SOttrM Tris chloride (pH7.5>, ImM DTT, lOOmM sodium chloride), 2^1 EcoRI 
(10 units/ul - NEB) and distilled water to 20^1, The digestion is 
carried out for 3 hours. The ligation and digestion steps are 
monitored using gel elecrophoresis to monitor the size of the 
products . 

2.3.5 Sire fractionat ion of cDNA - in order to assure that the library 
is not swamped with short cDNA cralecules and to remove linker 
molecules a column purification is carried out. A 1ml Sepharose 4B 
column is made in a 1 ml plastic pipette plugged with a small piece of 
^glass wool. This is equilibrated with 0.1M sodium chloride in TE. The 
cDNA is loaded onto the column and 1 drop fractions axe collected. 2^1 
aliquots of each fraction are analysed by gel electrophoresis and 
autoradiography to determine the sizes of the cDNA in each fraction. 
Fractions containing cDNA of about 80C base pairs and above 

are pooled and purified by ethanol precipitation and resuspending in 
10/il distilled water. 

2.3.6 Clonincr of oDNA into bacteriophage vector 

Bacteriophage vectors designed for the cloning and propagation of cUlCZ> 
are provided ready- digested with EcoRI and with phosphatased ends from 
commercial sources (e.g. lambda gtlO from Stratagene) . The prepared 
subtracted cDNA is ligated into lambda gtlO using a ligation rection 
consisting of ligase buffer and T4 DNA ligase (New England Biolabs) as 
described elsewhere in this document. 
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2.4 labelling of cDH A fraqaeatfl (probes) for library screening 

The 3' untranslated region c: the rat D5G sodium channel 

cDNA clone (SNS-B) is subcloned using appropriate restriction enzymes 

into a plasmid vector e.g. pSIuescript - Stratagens . The cDNA insert 

which is to fom the labelled probe is released from the vector via 

digestion with appropriate restriction enzymes and the insert is 

separated from the vector via electrophoresis in a 1% (w/v) agarose 

gel. After removal of the separated insert from the agarose gel and 

purification it is labelled by standard techniques such as random 

priming and polymerisation (Feinberg and Vogelstein 1983 Anal Biochem 

132,6) or nick translation (Rigby et al 1977 C Mol Biol 113,237) with 
32 

P or DIG-labelled nucleotides. Alternatively, if the probe cDNA 

insert is cloned into a vector containing strong bacteriophage 

promoters to which DIJA- dependant ftNA polymerases bind (SP6, T3 or TV 

polymerases) , synthetic cRNA is produced by in vitro transcription 

which incorporates 32 p or digoxygenin nucleotides. Other regions of 

••--he rat DRG sodium channel cDNA can also be used as probes in a 

similar fashion for cDNA library screening or Northern blot analysis. 

Specifically, a probe is made using a kit such as the Pharmacia oligo 

labelling kit. This will radioactively label the rat DRG sodium 

-channel cDNA f ragment . 50ng of denatured DNA (place in boiling 

3 2 

waterbath for* 5 rainutes) , 3p± of PdCTP (Amersham) and 10/zl reagent 
mix is made up to 49pl with distilled water. 1^1 of Klencw fragment is 
added and the mixture is incubated at 37°C for one hour. To remove 
unincorporated nucleotides, the reaction mixture is applied to a Kick 
column {Sephadex G50 - Pharmacia) followed by 400^1 of TE (lOmM Tris 
chloride (pH7.4) imM 2DTA (pHS.O)). Another 400>il of TE is added and 
the eluate is collected. This contains the labelled DNA to be used as 
a hybridisation probe . 

2 . S' cDNA library screening 

In order to detect recombinants containing human homologues 
of the rat DRG sodium channel the human DRG cDNA library is screened 
using moderate stringency hybridisation washes (5 0-6C°c, 5 x SSC , 3 0 
minutes) , using radiolabelled or other labelled DNA or cRNA probes 
derived from the 3* untranslated region as described above. Libraries 
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are screened -using standard methodologies involving the production of 
nitrocellulose or nylon membrane replicas of DNA from recombinant 
plagues formed on agar plates (Benton et al 19 77 Science 196; 180) . 
These are then hybridised to single stranded nucleic acid probes (see 
above) „ Moderate stringency washes axe carried out (see wash 
conditions for Northern analysis in section 2.2) Plagues which are 
positive on duplicate filters (i.e. not artefacts or background) are 
then purified by one or more rounds cf rep la ting after dilution to 
separate the colonies and further hybridisation screening. Resulting 
positive plaques are purified/ DNA is extracted and the insert sizes 
of these clones is examined. The clones are cross -hybridised to each 
other using standard techniques (sambrook et al 1S89 Molecular Cloning 
Second Edition Cold Spring Harbour Laboratory Press) and distinct 
positive clones identified. Detailed protocols for cDNA library 
screening are given in example l. 

2.g Derivation of a full-length clone of the human homoloque of 
the rat PRG sodium channel cDKA . 

Overlapping positive clones from above are identified by 
cross-hybridisation. They are then restriction mapped to identify 
•their common portions and restriction fragments representing the 
separate portions from the overlapping clones are ligated together 
using standard cloning techniques (Sambrook et al 198 9 Molecular 
Cloning Second Edition Cold Spring Harbour Laboratory Press) . For 
example , the most 5' fragment will contain any 5' .untranslated 
sequence, the start codon ATG and S' coding sequence. The most 3' 
clone will contain the most 3' coding sequence, a stop codon and any 
3' untranslated sequence, a poly A consensus sequence and possibly a 
poly A run. Thus a recombinant molecule is generated which contains 
the full CDNA sequence of the human homologue of the rat DRG sodium 
channel cDUA. If overlapping clones do not produce sufficient 
fragments to assemble a full length cBNA clone, the full length oligo 
dT-primed human DRG library is re-ecreened to isolate a full length 
clone. Alternatively, a full length clone is derived directly from the 
library screening. 
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2,7 Characterisation of the hunan homoloque full-length clone 
The cDKA sequence from the full-length clone is used as a prcbe in 
Northern blot analysis to detect the messenger RNA size in human 
tissue for comparison with the rat messenger RNA size {see sections 
1 . 1 and 2 . 2 for ere thodo logy) . 

Confirmation of biological activity of the cloned cDNA is carried out: 
via in vitro translation of the human sodium channel mRNA and it's 
expression in Xenopus oocytes in an analogous manner to that for the 
rat DRG-specific TTXi resistant sodium channel as described in 
examples 4 and 7 . 

cDNA sequences which are shown to have activity as defined above are 
completely sequenced using didecocy- media ted chain termination 
sequencing protocols (Sanger et al 1977 Proc Natl Acad Sci 74,5463}. 

Example 3 - Polymerase chain reaction (PCR) approaches to clone the 
human PRG sodium channels using PSA sequence derived from the rat DRG 
sodium channel cDHA clone 

Total RNA and poly A+ RNA. is isolated from human dorsal root 
ganglia or trigeminal ganglia or other cranial ganglia from 
post-mortem human material or foetuses as described in example 2 
above . 

Random primers are hybridised to the RNA followed by 
polymerisation with MMI>V reverse transcriptase to generate single 
stranded cDNA from the extracted human RNA. 

Using degenerate PCR primers derived from relatively 
conserved regions of the known voltage-gated sodium channels {Figure 
2) , amplify the cDNA using the polymerase chain reaction (Saiki et al 
1985 Science 230,1350) . It is appreciated by these skilled in the art 
that there are many variables which can be manipulated in a PCR 
reaction to derive the homologous sequences required. These include 
but are not limited to varying cycle and step temperatures, cycle and 
step titnes, number of cycles, thermostable polymerase, (^2 + 
concentration. It is also appreciated that greater specificity can be 
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gained by a second round of atnpiif ication utilising one or more nested 
primers derived 

from further conserved sequence from the sodium channels. 

Specifically, the -above can be accomplished in the following 
aianner. The first strand cDNA reaction consists of lug of total RNA 
made up to 13£tl with DEPC- treated water and Ijil of 0-5^g/p.l oligo(dT) . 
This is heated to 70°c for 10 minutes and then incubated on ice for 
ltninute- The following is then added: 2^1 of 10X synthesis buffer 
(200mM Tris chloride, SOOmM potassium chloride, 25mM magnesium 
chloride, liig/pl BSA) , 2^1 of 0 . 1M DTT, 1/xl of 200U/V1 Superscript 
Reverse Transcriptase (Gibco BRL) . This is incubated at room 
temperature for 10 minutes then at 42 Q C for SO minutes. The reaction 
is. then terminated by incubating for 15 minutes at 70*0. ljil of 
3.coli RNase H C2U/^1) is added to the tube which is then incubated 
for 20 minutes at 37*C- 

The PCR reaction is set up in a 0.5rul thin-walled 
Eppendorf tube. The following reagents are added: 

10*il lOx PCR buffer, 1^1 cDNA, 16ptl (SNTP's (25^1 of 100/aM of dAT£>,dCTP, 
dCTP and dGTP into 900^1 sterile distilled water) , 7jtl of 2SmM 
magnesium chloride, 1/tl of Taq DKA polymerase (Amplitaq 
Perkin -Elmer) plus sterile distilled water to 94pl. 

To each reaction tube a wax PCR bead is added (Perkin -Elmer) 
and the tube placed in a 70 °C hot block for 1 minute. The tubes are 
allowed to cool until the wax sets and 3^1 of each primer <33pM//zl) 
are added above the wax. The tubes are placed in a thermal cycler 

(Perkin- Elmer) and the following 3 -step program used after an initial 
94°C for 5 minutes; 92°C for 2 minutes, 55 ft C for 2 minutes, 72°C for 2 
minutes . for 35 cycles. A final polymerisation step is added at 72°C 
fox- 10 minutes. The reaction products are then run on a 1% agarose gel 
to assess the size of the products. In addition, ccncroi reactions are 
performed alongside the camples. These should be: 1/ all components 
without cDNA (negative control) and 2/ all reaction components with 
primers for constitutively expressed product e.g. S -act in or HPRT. 

The products of the PCR reactions are examined on 0.8%-l.2* 

(w/v) agarose gels. Bands on the gel (visualised by staining with 
ethidium bromide and viewing under UV. light) representing 
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amplification products of the approximate predicted size were then cut 
from the gel and the DNA purified. Further bands of interest are also 
identified by Southern blot analysis of the amplification products and 
probing of the resulting filters with labelled primers from further 
conserved regions e.g. those used for secondary amplification. 

The resulting DNA is li^ated into suitable vectors such as 
but not limited to pCR II {Invitrogen) or pGemT. Clones are then 
sequenced to identify those containing sequence with similarity to the 
rat sodium channel sequence (SNS-B) . 

Clone analysis 

Candidate clones from above are used to screen a human cDNA 
DRG library constructed using methods described in example 2, 
If a full length clone is not identified, positive overlapping clones 
which code for the full length human cDNA homolcgue are identified and 
a full length clone is then assembled as described in example 1. 
Biological activity is then confirmed as described in examples 4 and 
7. 

Sxaapl« 4 - in vitro translation of rat and human DRG sodium channel 
in Xaaopus la e vie oocytes 

In order to demonstrate the biological activity of the 
protein coded for by the rat DUG sodium channel cDNA sequence (SNS-B) 
and it's human homologue the complete double -stranded cDNA coding 
sequences are ligated into in vitro transcription vectors (including 
but not limited to the pGEM series, Promega) using one or more of the 
available restriction enzyme sites such that the cDNAs are inserted in 
the correct orientation. The constructs are then used to transform 
bacteria and constructs with the correct sequence in the correct 
orientation are identified via diagnostic restriction enzyme 
analysis and dideoxy- mediated chain termination DNA sequencing (Sanger 
et al 1977 Proc Natl Acad Sci 74,5463) . 

These constructs are then linearised at a restriction site 
downstream of the coding sequence and the linearised and purified 
plasmids are then utilised as a template for in vitro transcription. 
Sufficient quantities of synthetic mRNA are produced via in vitro 
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in 



transcription of the cloned ENA using a DMA-dependent kha polymerase 
from a bacteriophage that recognises a bacteriophage promoter found 
the cloning vector. Examples of such polymerases include {but are not 
limited to) T3, T7 and SP6 PUA polymerase. 

A variation on the above method is the synthesis of mRNA 
containing a 5' terminal, cap structure (7~methylguanosine) to increase 
its stability and enhance its translation efficiency [Nielsen and 
Shapiro 1966 Nuc Ac Ree 14,5936} . This is accomplished by the 
addition of 7 - me t hy lguano sine to the reaction mixture used for 
synthetic mRKA synthesis. The cap structure is incorporated into the 
5' end of the transcripts as polymerisation occurs. Kits are 
available to facilitate this process e.g. mCAF RMA Capping Kit - 
Stratacrene / . 

The synthetic RNA produced from the in vicro transcription 
is irolated and purified. It is then translated via microinjection 
into Xenopus laevis oocytes. 50nls of lmg/ail synthetic RHA is 
micro-injected into stage 5 or stage 6 oocytes according to methods 
established in the literature (Gurdon et: al (1983) Methods in Snzymol 
101,370). After incubation to allow translation of the raRNAa the 
^ oocytes are analysed for expression of che DRG sodium channels via 
•electrophysiological or other methods as described in example 7. 

A further method for expression of functional sodium 
channels involves the nuclear injection of a Xenopus oocyte protein 
expression vector such as pOSV (Pfaff et al . 1990) which allows cloned 
DNA to be transcribed and translated directly in the oocyte. Since 
proteins translated in oocytes are post- translaticnally modified 
according to conserved eukaryotic signals, these cells offer a 
convenient system for performing structural and functional analyses cf 
cloned genes. pOEV can be used for direct analysis of proteins encoded 
by cloned cDUAs without preparing mRNA in vitro, simplifying existing 
protocols for translating proteins in oocytes with a very high 
translational yield. Transcription of the vector in oocytes is driven 
by the promoter for the tfiiia gene, which can generate 1-2 ng {per 
oocyte within 2 days) of stable mRHA template for translation. The 
vector also contains SP6 and T7 promoters for in vitro transcription 
to make rnRNA and hybridization probes. DMA clones encoding SNS channel 
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transcripts are injected into oocyte nuclei and protein accumulated in 
the cell over a 2- to 10-day period. The presence of functional 
protein is then assessed using twin electrode voltage clamp as 
described in example 7. 

Example 5 - Expression of rat and human DRG sodium channel ±n 

manrmftliaji cells 

In order to be able to establish a inantmalian cell expression 
system capable of producing the sodium channel in a stable bioactive 
manner, constructs have to be first generated consisting of the cDNA 
of the channel in the correct vectors suitable for the cell system in 
which it is desired to express the protein. There are available a 
range of vectors containing strong promoters which drive expression in 
mammalian cells. 



i/ Transient expression 

In order to determine rapidly the bioactivity of a given 
cDNA it can be introduced directly into cells and resulting protein 
activity assayed 48-72 hours later. Although this does not result in a 
cell line which is stably expressing the protein of interest it does 
-give a quick answer as to the biological activity of the molecule. 
Specifically, the cDNA representing the human or rat DRG sodium 
channel is ligated into appropriate vectors {including but not limited 
to pRc/RSV f pRc/CMV, pcDNAl (Invitrogen) ) using appropriate 
restriction enzymes such that the resulting construct contains the 
cDNA in the correct orientation and such that the heterologous 
promoter can drive expression of the transcription unit. The resulting 
expression constructs are introduced into appropriate cell lines 
including but not limited to COS -7 cells (an African Green Monkey 
Kidney cell line) , HEK 293 cells (a human embryonic kidney cell line) 
and NTH3T3 cells (a murine fibroblastic cell line)) . The DNA is 
introduced via standard methods (Sambrook et al 198 9 Molecular Cloning 
Second 3d it. ion Cold Spring Harbour Laboratory Press) including but not 
limited to calcium phosphate transf ection , electroporation or 
lipofectamine (Gibco) transf ection . After the required incubation time 
at 37°C in a humidified incubator the cells are tested for the 
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presence of an active rat DRG sodium channel using methods described 
in example 7 . 

ii/Stable expression - the production of a stable expression system 
has several advantages over transient expression. A clonal cell 
line can be generated chat a has a stable phenotype and in which the 
expression levels of the foreign protein can be characterised and 
with some expression systems, controlled. Also, a range of vectors are 
available which incorporate genes coding for antibiotic resistance; 
thus allowing the selection of cells transfecced with the constructs 
introduced. Cell lines of this type can be grown in tissue culture and 
can be frozen down for long-term storage. There are several systems 
available for accomplishing this e.g, CKO, CV-1, NXH-3T3. 

Specifically COS- 7 cells can be transfected by lipcfection using 

Lipofectamine {GibcoBKZi} in the manner. For each sample 2xl0 6 cells 

are seeded in a 90mm tissue culture plate the day prior* to 

transfection. These are incubated overnight at 37*c in a CO incubator 

2 

to give 50-80% confluency the following day. The day of the 
transfection che following solutions are prepared in sterile 12 x 75mm 
-tubes: Solution A: For each transfection, dilute 10-50fxg of DNA into 
950^1 of serum- free media (Opt i- MEM I Reduced Serum Medium GibccBRL) . 
Solution B: For each transfection, dilute 50^1 of Lipofectamine 
Reagent into 950/il serum-free medium. The two solutions are combined, 
mixed gently and incubated at room temp for 45 minutes. During chis 
time the cells are rinsed once with serum- free medium. For each 
transfection 9ml of serum- free medium is added to the 

DNA- lipof ectamine tubes. This solution is mixed gently and overlayed 
cn the rinsed cells. The plates are incubated for 5 hours at 3 7°C in a 
CO^ incubaccr. After che incubation the medium is replaced with, fresh 
complete media and the cells returned to the incubator. Cells are 
assayed for activity 72 hours post transfection as detailed in 
examples 4 and 7. To ascertain the efficiency of transf ection, 
S-galactosidase in pcDNA3 is transfected alongside the DRG sodium 
channel cDNa. This control plate is stained for fi-galactosidase 
activity using a chromogenic substrate and the proportion of cells 
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staining calculated. For transient transf ection of DRG the cDKA must 
first be cloned into a eucaryotic expression vector such as pcDNA3 
(Invitrogen) . 

Example fi ■ Express ion of jrafc r> RQ sodium channel In insect cells 

The baculovirus expression system uses baculoviirus such 
as Autographs. . calif omica nuclear polyhidrosis virus (AcNPV) to 
produce large amounts of target protein in insect cells such as the 
Sf9 ox 21 clonal cell lines derived from Spcdoptera frugiperda cells. 
Expression of the highly abundant polyhedrin gene is non-essential in 
tissue culture and its strong promoter (polh) can be used for the 
synthesis of foreign gene products (Smith et al 1953 Mol Cell 3iol 
3,2156-2165), The polyhedrin promoter is maximally expressed very late 
in infection (2 0 hours post infection) . 

A transfer vector, where the rat DRG sodium channel cDNA is 
cloned downstream of the polh promoter, or another late promoter such 
as plO, is transfected into insect cells in conjunction with modified 
AciTPV viral DNA such as but not limited to BaculoGold SNA 
(PharMingen) . The modified DNA contains a lethal mutation and is 
incapable of producing infectious viral particles after transf ection . 
Co -transf ection with a complementing transfer vector such as (but not 
limited to) pAcYKl (Katsuura et al 1907 J Sen Virol 68,1233-1250) or 
pYL1392/3 (InVitrogen) allows the production of viable recombinant 
virus. Although more than 99% of the resultant virus particles should 
be derived from plasmid-rescued virus it is desirable to further 
purify the virus particles by plaque assay. To ensure that the 
recombinant stock is clonal, a single plaque is picked from the plaque 
assay and amplified to produce a recombinant viral stock. Once the 
recombinant phenotype is verified the viral stock can be used tc 
infect insect cells and, -express functional rat DRG sodium channel. 
There are a number of variations in the methodology of baculovirus 
expression which may give increased expression (O'Reilly et ai 1932 
Baculovirus Expression Vectors: A Laboratory Manual. Oxford University 
Press) . The expression of the rat or human DRG sodium channel is 
achieved by cloning of the cDNA into pVL13 92 and introducing this into 
Sf21 insect cells. 
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Example 7 - Electrophv eio logical characterisation of clon^ hvmi ^n 
rat PRO sodium channel expression 

Xenopus laevis oocytes are used tc express the channel 
after injection of the mHllA. or cDNA in an expression vector. 
Expression would be transient and thus functional studies would he 
made at appropriate times after the injections. Comparison with 
mock- injected oocytes would demonstrate lack of the novel channel as 
an endogenous! y expressed characteristic. Standard two electrode 
voltage clamp (TSVC) techniques as described for example in Fraser, 
Moon & Djamgoz (1993) would be used to examine the characteristics of 
responses of ionic currents to changes in the applied membrane 
potential. Appropriately modified saline media would be used to 
manipulate the type of ionic currents detectable. The kinetics of 
activation and inactivation of the sodium current, its ionic 
selectivity; the effects of changes in ionic concentration of the 
extracellular medium on its reversal potential / and the sensitivity 
(or resistance) to TTX would be defining characteristics. 

Similar electrophysiological studies would be undertaken to 
assess the success of functional expression in a permanently or 
transiently expressing mammalian cell line, but patch clamp methods 
-would be more suitable than TEVC Whole cell, cell-attached patch, 
inside-out patch or outside-out patch configurations as described for 
example by Hamill-et al . (1961) and Fenwick et al. (1982) might be 
used to assess the channel characteristics. 

Hamill, O.P., Marty, A., Neher, E., Sakmann, B. & Sigworth, F.J. 
(1981) Pfl gers Arch. 3S1: 85-100. 

Fenwick, E.M. „ Marty, A. & Neher. E. (1982) J. Physiol. 331 
599-635 Fraser, S.P., Moon, C. & Djamgoz, M.B.A. (1993) 
Slectrophysiology of Xenopus oocytes: an expression system in 
molecular neurobiology. In: Electrophysiology : A practical approach. 
Wallis, D.I./ ed. Oxford University Press. Chapter 4 pp. 65-66. 

For example , Isolated transfected cells (see above) will be 
voltage -clamped using the whole-cell variant of the patch clamp 
technique for recording the expressed sodium channel 
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current . 

Recordings will be obtained at rooai temperature (22-24 oC> . 
Both external and internal recording solutions will be U3ed to isolate 
Wa+ currents as previously described (Laiik et al . , Am. CT. Physici- 
an : C803-C809 , 1592; West et al., Neuron 6;59-70, 1992). External 
solution (mM) : sodium chloride. €5; choline chloride, 50; TEA-C1, 
20, XCl, 1.5; calcium chloride, l; Magnesium chloride, 5; glucose 5; 
HEPES f 5; at a pH 7.4 and and osmolality of 32 0. Internal solution 
( mM) :CsF, 90; CflCl, 60; sodium chloride, 10; MgCl, 2 EGTA , 10; HEPES , 
1C at pH 7.2 andan osmolality of 315. 

The kinetics and voltage parameters of the expressed sodium 
channel current will be examined and campared with data existing in 
the literature. These include current- voltage relationships and peak 
current amplitude. Cells will be voltage- clamped at -70 mV and 
depolarizing pulses to 50 mV (at 10 mV increments) will be used to 
generate currents . 

The pharmacology of the expressed sodium channel current 
will be examined with the Na channel blocker, tetrodocoxin (TTX) , To 
date sodium channels have been classified as TTX- sensitive and 
TTX-resistant : block by low (1-30 nM) and high ( > 1 uM) concentrations 
of TXX, respectively (Elliot £ Elliot, J. Physiol, (bond.) 463:39-55, 
1993; Yang et al . , J. Neuroeci . 12:263-277, 1992; VT1S92) . 

The channel is unaffected by concentrations lower than 1 
micromolar tetrodo toxin, and is only partially blocked by 
concentrations as high as 10 micromolar tetrodotoxin. 

Kxample 8 - Production of purified channel 

Using a commercial coupled transcription- translation system, 35 -S 
methionine labelled protein products of the SNS clone can be generated 
(see Figure 3) . The size of che resulting protein when assessed by 
SDS-polyacryl amide gel electrophoresis confirnis the predicted size of 
the protein deduced by DNA sequencing. The system used is the Promega 
TNT system (Promega Technical Bulletin 12S 1993 ) . The experiment is 
carried out precisely according to the protocol provided (see Figure 
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Example 9 - Pse o f rat or human aodium channel in screening assays 

Cell lines expressing the cloned sodium channels could be used to 
determine the effects of drugs on the ability of the channels to pass 
sodium ions across the cell membranes, e.g to block the channels or to 
enhance their opening. Since the channel activation is voltage 
dependent, depolarising conditions are likely to be required for 
observation of baseline activity than -would be modified by drug 
actions, Depolarisation could be achieved by for example raising 
extracellular potassium ion concentration to 2 0 or 40 mM, or by 
repeated electrical pulses applied to the bathing medium. Detection of 
the activation of sodium conducting channels could fee achieved by flux 
of radiolabelled sodium ions, guanidine or by reporter gene activation 
leading to for example a colour change or to fluorescence of a light 
emitting protein. Subsequent confirmation of the effectiveness of the 
drug action on sodium channel activity would require 
electrophysiological studies similar to those described above, 

Bxamplo 10 In vitro influx assays 

'1 - 22Na+ influx a^ssayt A modified assay has been adapted from 

methods reported by Tamkum and Catterall <Mol Pharm . 19:78, 1981) . 

Oocytes or cells expressing the sodium channel gene is suspended in a 

buffer containing C . 13 M sodium chloride, 5 mM KC1, 0.8 aiM McrSO , 50 

4 

mM HEPES-Tris (pH 7.4), and 5.5 mM glucose. Aliquots of che 
cell suspension are added a buffer containing 22NaCl (1.3 uCi/ml, New 
England Nuclear, Boston, MA), 0.12B M choline chloride, 2.66 mM sodiura 
chloride, 5.4 mM KC1 , 0.8 mM MgSC> 4 , 50 mM HEPES-Tris (pH 7.4} , 5 mM 
ouabain Img/ml bovine serum albumin, and 5 , 5 mM glucose and then 
incubated ac 3 7 oC for 20 sec in either the presence or absence of 100 
uM veratridine (Sigma Chemical Co., St Louis, MO). The influx assay 
is stopped by the addition of 3 ml of ice-cold wash buffer containing 
0.163 M sodium chloride, 0.8 mM MgSC> 4 , 1.8 mM CaCl 2 , 50 mM HEFES-Tris 
(pH 7.4) and lmg/ml bovine serum albumin, collected on a glass fiber 
filter (Whatman GF/C) , and washed twices with 3 ml of wash buffer. 
Radioactive incorporation is determined by with a gammacounter . The 
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specific tetrodotoxin-resistant influx is measured by the difference 
in 22Na+ uptake in the absence or the presence of 10 uM transmethrin 
or 1 uM ( + ) trans allethriji. The tetrodo toxin- sensitive influx is 
measured by the difference in 22Na+ uptake in the ahsence or the 
presence of 1 uM tetrodo toxin (Sigma Chemical Cc. , St Louis, MO). 

Guanidine influx: Another assay is modified from the method 
described by Reith {Eur. J. Pharmacol. 188:33, 1990). in this assay 
sodium ions are substituted with guanidinium ions. Oocytes or cells 
are washed twice with a buffer containing 4.74 mM KCl, 1.25 mM CaCl 
1,2 mM KH2P04, 1.18 mM MgSO^ , 22 mM HEPES (pH 7,2), 22 mM choline 
chloride and 11 mM glucose. The oocytes or cells are suspended 
in the same buffer containing 250 uM guanidine for 5 min at 19-25 oC. 
An alicjuot of 14C-labelled guanidine hydrochloride (30-50 mCi/mmol 
supplied by New England Nuclear, Boston, MA) is added in the absence 
or presence of - 10 uM veratridine, and the mixture is incubated for 3 
min. The uptake reaction is stopped by filtration through Whataan 
GF/F filters and followed by 2 5 ml washes with ice-ccld 0.9% 
saline. Radioactive incorporation is determined by scintillation 
counting. 

TKxample 11 



In order to measure the expression of sodium channels in in vitro 
systems, as well as to analyse distribution and relative level cf 
expression in vivo, and to attempt to block function, polyclonal and 
monoclonal antibodies will be generated to peptide and protein 
fragments derived frcra SNS protein sequence shown in Figure 1. 

a) Itrnunocrens 

Glutathione-sulpnotransferase (GST) - fusion proteins will be 
constructed (Smith and Johnson 1988) using PGEX vectors obtained from 
Pharmacia. Fusion proteins including both intracellular and 
extracellular loops with little homology with known sodium channels 
other than SKS-B will be produced. One such method involves 
subcloning of fragments into pGex-5X3 or pGEX 4t-2 to produce 
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in -frame fusion proteins encoding extracellular, intracellular or 
C-terminal domains as shown in detailed maps in Figure 4. The pGEX 
fusion vectors are transformed into S. coli XX. -1 blue cells or 
other appropriate cells grown in the presence of ampicillin. After 
the cultures have reached an optical density of OD600 > 0.5, fusion 
protein synthesis is induced by the addition of 100 xr.icroraolar IPTG, 
and the cultures further incubated for l- 4 hours. The cells are 
harvested by centrif ugation and washed in ice cold phosphate buffered 
saline. The resuting pellet (dissolved in 300 microlitres PBS from 
each 50 ml culture) is then sonicated on ice using a 2mm diame-er 
probe, and the lysed cells microfuged to remove debris. 5 0 
microlitres of glutathione- agarose beads are then added to each 
pellet, and after gentle mixing for 2 minutes at room tectperature, the 
beads are washed by successive spins in PBS - The washed beads are then 
boiled in Laemmli gel sample buffer, and applied to' 10% polyacrylamide 
SDS gels. Material migrating at the rpredicted molecular weight is 
identified on the gel by brief staining with cooimnassie blue, and 
comparison with molecular weight markers. This material is then 
electroeluted from the gel and used as an iTtmunogen as described 
below. 

b) Antibody production 

Female Balb/c mice are immunised intraperi teonally with ~-100 
micrograms of GST fusion protein emulisfied- in Freunds complete 
adjuvant. After 4 weeks, the animals will be further imnr.mised wich 
fusion proteins (1-100 micrograms) emulsified in Freunds incomplete 
adjuvant. Four weeks later, the animals will be immunised 
intraperitoneally with a further 1-100 micrograms of GST fusion 
protein emulsified with Freunds incomplete adjuvant. Seven days later, 
the animals will be tail bled, and their serum assessed for the 
production of antibodies to the immunogen by the following screen ; 
{protocols for the production of rabbit polyclonal serum are the same, 
except that all injections are subcutaneous, and 10 times as much 
immunogen is used. Polyclonal rabbit serum are isolated from ear- vein 
bleeds , ) 
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Serial ten -fold dilutions of the 6613- (1;1C0 to 1; 1000,000) in 
phosphate buffered saline (PBS) containing 0-5% NP-4 0 and 1% normal 
goat serum will be applied to 4% para formaldehyde -fixed 10 micron 
sections of neonatal rat spinal cord previously treated with 10% goat 
serum in ?3S, After overnight incubation, the sections are washed in 
PBS, and further incubated in the dark with 1;20Q FITC- conjugated 
F{ab;2 fragment of goat anti-raouse antibodies for 2 hours in PBS 
containing 1% normal goat serum. The sections are further washed in 
PBS, mounted in Citifluor, and examined by fluorescence microscopy. 
Those sera that show specific staining of laminar II in the spinal 
cord will be retained, and the mice generating such antibodies 
subsequently used for the production of monoclonal antibodies - 
Three weeka later, mice producing useful antibodies are immunised with 
GST-fusion proteins without adjuvant. After 3 days, the animals are 
killed, their spleens removed, and the lymphocytes fused with the 
thymidine .kinase -negative myeloma line NSC, using polyethylene glycol. 
The fused cells from each experiment are grown up in 3 x 24 well 
plates in the presence of DMEM medium containing 10%: fotal calf serum 
and hypoxanthine, aminopterin and thymidine (HAT) medium to kill the 
myeloma cells (Kohler and Milstein 1976) . The tissue culture 
supernatants from wells containing hybridomas are further screened by 
immunofluorescence as described above, and cells from positive wells 
cloned by limiting dilution. Antibody from the positive testing 
cloned hybridomas is then used to Western blot extracts of rat dorsal 
root ganglia, to detemine if the antibody recognises a band of size 
approximately 200,000, confirming the specificity of the monoclonal 
antibody for the SNS sodium channel- Those antibodies directed, 
against extracellular domains that test positive by both of these 
criteria will then be assessed for function blocking activity in 
electrophysiological tests of sodium channel function (see example 
7) , and in screens relying on ion flux or dye -based assays in cells 
lines expressing sodium channel {see examples 9 and 10 ) . 
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Example 12 - Cell- type distribution of expression 

la situ hybridisation demonstrates the preser.ee off SNS in a subset of 
sensoxy neurons. An SNS fragment between positions 1740 and 1960 was 
sub- cloned into pGem42 l and DIG-UTP labelled sense or antisense cRNA 
generated. Sample preparation, hybridisation, and visualisation of in 
situ hybridisation with alkaline phosphatase conjugated anti-DIG 
antibodies was carried out exactly as described in (Schaeren-Wimers N. 
and Gerf in-Mosar A. 1*33) . 
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In the accompanying Figures : 

Figure la show3 the nucleic acid and amino acid sequences of 
the sodiuir. channel specific to the rat DRG (SNS-3) . 

Figure lb shows the nucleic acid and amino acid sequences of 
a splice variant sodiu^ channel specific to the rat DRG (SNS-E) . 

Figure 1c shows the nucleic acid and amino acid sequencer of 
a short form splice varianc sodium channel specific to the rat DRG 
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(SHS-B) . 

Figure Id shows the structure of the SNS-B voltage-gated 
sodium channel in pGEM-3Z. 

Figure le shows a schematised drawing of a known 
volt age -gated sodiutn channel . 

Figure 2 shows sequences of examples of PCR primers for 
isolation of human clone probes. 

35 

Figure 3 shows a film of S radio -label led SNS-B 
voltage -gated sodium channel protein in a coupled 
transcription/translation system. 

Figure 4a ans Figure 4b show SKS-GST fusion protein 
constructs for antibody generation. 
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Figure la 

Nucleic acid and amine acid eequance of TTXi DRQ sodium onannei 



t^gctt^cttctgctaatgctaccccaggcccttagacage.gaacasratggcegatggag 

! ♦ ♦ + + + + t 

atcgaacgaagacgattacgatgggcrtccggaaatctgrctcttgtctacc^tctacctc 



tttcttottgccatocgcaaacgctgagcccacctcatgatcccggACcccatggttttc 

SI + + + + + + 

aaagaataacggtacgcgtttgcgACtcgggtggagtactagggcctggggtaccaaaag 



agtagacaacctgggctaagaagagatccccgaccttatagagcagciiaagagtgtaaat: 

121 + * + + + + 

tcatctgttggacccgattcttctctagaggctggaatatctcgtcgtttctcacactca 

tcttccccaagaagaatgagaagATGGAGCTCCCCTT^ 

181 - + + + + + 

agaaggggr t c 1 1 c ttac tc 1 1 cTACCTCGAGGGGAAACGCAGGC ACCCTTOATGGTTAA 

MELFFASVGTTK F 

TCAGACGGTTCACTCCAGAGTCACT^ 
241 * + — * + + 

agtcixk:caagtgaggtctcagtg^ccgtctc 
r r ftpeslae iekq i a a h r a - 

CAGCCAASAAGGCCACLAACCAA^ 

3 01 + * - + + + + 

QTCGGTTCTTCCGGTCTTGGT^ 

akkartkrrgqedkg'ekprp- 
ctcagctggacttgaaagactgtaaccagc^ 

3 61 + 4 + + + + 

OAGTCGACCTCAACTTTCTa^CATOGGTCGACGGGTTC 

QIjDLKDCNQLiPXFVCE Ij p a e - 

AACTGGTCGGGGAQCC C CTQGAGqACCTAGACC l 1 J.T TCTAC AGC AC AC AC CGGACATTCA 

421 + + + * * + 

TTGACCAGCCCCTCGGGGACCTCCTGGATCT^^ 

LVGEPI*EDLDPyYSTH R *T F M - 

TC^lX^TGJ^TAAAAGCAGGACOmTC 

4S1 + •+ ■ + + + + 

AC CACAACTTATITrCGTCCTGGTAAAGGTOTAAGTC 

VLMKSRTISRFSA-TWAIiWLF- 
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TCAGTCCCTTCAACCTC^ 
S41 + + 4- — + * 

SPFNL IRRSAIXVSVHS^FS 

CC AlMTOltfCACCATC ACTA^ 

601 + + * + + + 

IFITITILVNCVCMTRTDLP 

CAGAGAAAGTCGAGTACG7CTTCACTGT 

66 1 4- * +— + + + 

GTCWTTTC&GCTCA^ 

EKVEYVFTVIYTFEAL I !C I X. - 

TOGC^GAGGCTTI^ 

721 • + + * + "■*- * * 

ACXXSOTCTCCCAAAACAGASTTT^^ 

AC , TTCAGTCTCATTACCT3X3GCGTATGTGGCT 

781 * + v + ---- + + 

TG AAGTCACAGTAATOG AAC CGCATAC AC C C ACGTCGC CTATCTGGAGGC TCC TTAGAGTC 



fsvit lavvgaaidlrgisg- 

GCCTCCGGACATTCCGAGttctcagagcc«^ 

841 + + + ^ + ~- r * + 

CGGACCS^CTGTAAGGCTCaAgagtCtcgggacttttgacaaagacactagggtcctgaCw 

LRTFRVLKALKTVSVI P G E* X 

agg^catcgtgggagccotgatccactcAfftgaggaagctggccgacgtgActaccctcA 

901 + + + + * Z 

tccagtagcaccctcgggactaggtgagtcac.tccttcgaccggctgcaccgatiaggagt 

VIVGALI HSVRKLADVT IIiT 
cagtcttctgcctgagcgtcttagccttggcggacctgc&gctcttraaggggaacctta 

9^1 + + + + *~"ZZ t 

gtcdgaagacggactcgcagaagcorgaaccacccggacgtcgagaaa^tccccttggaac 

VFCLSVFALVGLQLFKGNtiK 

agaacaaatgcatcaggaacggftacagatccccacaaggccgacAacctctcatctg^a 

1021 + + + + + " 

ccttgtttacgtagtccttgccttgtctaggggtgttccgactgttggagagtagacttt 

NKCIRKGTDPHKADNLSSEM 

tggcagaatacgtctccatcaagcotggcactacggatccctt^ctgcgcggcaatgggt: 
1081 + + 4 + + zz ! 

aocgtcttatgoagaggtagttoggaccatgatgcctagggaatgacacgccgttaccca 
AEYVS IKPGTTDPLLCGNGS- 
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ctgAtgctg-crtcactgccctggaggctat0tct5rcctgaaaa.ctcctspacaacccggatt 

1141 ► + + + + *- 

gac ta cgacoagtgacgggacc tocga tacaga eggact; t ttgaggac tg 1 1 gg^gec taa 

DAQHCFGGYVCLKTFDNPDF 



ttaactacaccagctttgattcctttgcgtgggcattcctctcactgttccgcctcatga 

1201 + * + + + « + 

aattgatgtggtcgaaactaaggaaacgcacccgt<3La<jgagagtgacaaggcggagtACt 

K Y TS FDS F A W A F L S LPRLMT- 



cgcaggactcctgggagcgcctgtaccagcagacactccgggcttctgggaaaatgtaca 

1261 — + + ■ — — + + + + 

gogtcctgaggaccctcgcggACAtggtcgtctgtgaggcccgaagacccttttacatgt 

QDSWERLYQQTLRASGXMYM 

tggtctttttcgtgctggttattttocttggatcgttctacctggtcaatctgatcttgg 

1321 + + : «~" + + + 

accagaaaaagcacgaccaa teaaaggaacc tagcaaga tggaccag t taaac t agaac c 

VF^VLVlFLGSFYLVNIiXLA 

ccgtggtcaccatggcgtatgaagagcagagccaggcaacaattgcagaaatcgaagcca 

13S1 + + + * * + 

ggcaccag tgg t accgcatactt c t eg t c t eggtcegt t g t taacg t e 1 1 tagc t ccggt 

VVTMAYEBQSQAT I AEI E A K - 

aggaaaaaaagttccaggaagcCCttgaggtgctgcagaaggaacaggaggtgctggcag 

1441 + + + + + — " " .V* 

tcctttttttcaaggtccttcgggaactccacgacgtcttccttgtcctccacgaccgtc 

EKKPQBALE.VLiQ KEQSVLAA- 

ccctggggattgacaegacctcgctccagtcccacagtggaccacccttagcctccaaaa 

1502 + + +"T + + + 

gggacccctaactgrgctggagcgaggtcagggtgtcacccagtgggaatcggaggttict 

LGIDTTSL.QSHSCSPfcASKN' 
acgccaatgagagaagacccagggtgaaatcaagggtgtcagagggctccacggatgaca 



1561 + + + * 

tgcggttactctcttctgggtcccacttcagttcccacagtctcccgaggtgcctactgr, 

AHERRPRVKSRVSEGSTDD2S- 

acaggtcacaccaatctgacccttacaaccagcgcaggatgtctctcctaggcctgtcct 

1621 + + + + + y 

tgtccagtggg^ttagactgggaatgttiggccgcgtcctacagaaaggatccggacagaa 

RSPQSDPYNQRRMSFIiGLSS 

caggaagacgcagg^rctagccacggcagtgtgttccacttccgagcgoccagccaagaca 

I6fil + — : + h * + 2t 

gtccttctgcgtcccgatcgg^gccgtcacacaaggtgaaggctcgcgggtcggttctgt 

ORRRASKGSVPHFRAPSQDI 
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tctcatttcctflacgggatcacccctgatgatgg-ffgtcfcctcacggaga.ccaggaaagcc 

1741 + + ^ + * 

a^a.gt«.a&ggactgccctagi:gg'ggactACt«tccccAga«iA^tgcctctggtcctttcgg 

SFPDGITPDDGVFHGDQES3 



gtcgaggttcce-tattgctgggcaggggtgctgggcagacaggtccactccccdgsragcc 

1801 + + + + + -r 

cagctccaftggCaCAacgacccgtccccacgficccgcctgtcca.ggtgaggggccctcgg 

aGSILLGRGKGQTGPLPRS? 

cactgcctcagccccocaa.ccctggccgtagacacggagaagagggacagctcggagtgc 

1661 <*• +~ + — * + + 

gtgacggagccegggggttgggaccggcetctgtacctcttctccctgtcgagcctcacg 

LFQSPNPGRRHGEEGQLGV? 

ccactggtgagcttaccgctggagcgcctga>aggcccggcactgcacactacagggcaga 

1S21 + «■ * «■ — + + 

ggtgaccactcgaatggcgacctcgcggacttccgggccgtgacgt'gtgatgtcccgtict 

TGELTAGAPEGPALHTTGQX 

agagcttcctgtctgcgggctacttgaacgaacctttccgagcacagagggccatgAgcg 

1981 + «• + t + + + 

t:c tcgaaggacagacgcccga tgaacttgo C cggaaaggc t sg tgcc ucccggtac tcgc 

SFLSAGYLNfiPFRAQRAMSV- 

ttgtcagtatcatgacttctgtcatcgaggagcttgaagagtctaagctgaagtgcccac 

2041 — + • ^ + + + + 

aacagtcatagtactgaagacagtaactcctcgaacttctcagattcgacttcacgggtig 

VSIMTSVIEELEBSKCjKCPP 

cctgcttgatcagcttcgctcagaagtatctgatctgggagtgctgccccaagtggagga 

2101 + + -* + ~ + * 

ggacgaactagtcgaagcgag^cttcatagactagaccctcacgacggggttcacctcct: 



CLISFAQKYLIWECCPKWRK 

agttcaagatggcgctgttcga.jctggtgactgaccccttcgcagagcttAccatcaccc 

2161 + + + + + 

CcaagttCtaccgcgacaagctcgaccactgactggggaagcgtctcgaatggtaffC^g-j 

FKMALFELVTOP^ASLTXTL 

tc tgcatcgtggtgaacaccgccccca^ggccotggagcactaccccatgACcgatgcct 

2221 + ♦ * + + + 

agacgtagcaccacttgtggcagaagtaccggtacctcgtgatggggtacfcggctacgga. 

C IVVKTVFMAMEHYFMTDA?- 

tcgatgccacgcttcaagccggcaacattgtcttcaccgtgtttttcacaatggagacgg 

2281 + + + + + 

agctacggtacgaagttcggccgttgtaacagac.gt:ggcaoaaAaagtgttacctc tacc 

DAMLQAGJ3IVFTVFFTMEMA 
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ccttcaagatcat.cgccttcgacccctactat:tacttc:c;ag^cigaagt:ggaat&tcttcg 

2341 + +-T + + " + + 

ggAag-ttctagcaacggaagctggggatgataatgeetggtctrcttcaccttataga&gc 

FKI IAFJ3PYYYFQKK T WNI?D- 

actgtgtcatogtcaccgtgagccttctgeragctgagtgcAtccaagAagggcagccrg't 

2401 < * + + + 

t:g*cacagtagcagtggca.cfccggaageicctcgractcAegtAggttcrtcccgt:cggaca 

CVIVTVSLLELSASKKGSIiS- 

ccgtgctccgtaccttacgcttgctgcgggtctticaagctggccaagtcctggcccAccc 

2461 + +' + + + + 

gacacgaggcatgga<ttgcgaacgacgcccagaAgttcgaccggttcaggo.ccgggtggg 

VbRTLRLLRVFKLAXSWPTL- 

tgaacaccctcatcaagatcatcgggaactcagtgggggccctgggcaacctgaccctta 

2521 + + + + + + 

acttgtgggagtagttctagtagcccttgagtcacccccigggacccgttggactggaaat 

N T L I K I IGKSVGALGNLrTri- 

tcctggccatcarcgtcttcatcttcgccctiggccggaaagcagGttctctcagaggact 

2581 + + + 

aggaccggtagtagcagaagtagaagcgggaccagcctttcgfecgaagagagtctcctga 

LAI tvFIFALVOKQLJLSEDY- 
acgggtgccgcaaggacggcgtctccgtgtggaacggcgagaegctccgctggcacatgt 

264i + + + + * 

tgcccacggcgttcctgccgcagaggcacaccttgccgctcttcgaggcgaccgtgtaca 

G C RXDGVSVWttG EKL R W H M. -C - 

gtgacttctcccarcccttcctggtcgccttccgaaccctctgcggggagtggatcgAga 

2701 + + + * + 

cacttgaagaaggtaaggaaggaccagcagaaggcttaggagacgcccctcacccagctct 

DFFHSFLVVFRILCGEWISN- 

acatgtgggtctgca.tggaggtcagccagaaatccatctgcctcatcctcttct:tgactg 

27€1 + + + + + ' f 

tgtacacccagacgtacctccagtcggtcttt-aggtagacggagcaggagaagaacfcgac 

MWVCMEVSQKS I CL ILFLTV- 

tgatggtgctgggcaacctagtggtgctcaaccttttcatcgctttactgctgaactcct 

2821 + + + + + + 

actaccacgacccgttggatcaccacgagttggaaaagtagcgaaatgacgacttgagga 

KVLGNLVVIiNLFIALLDNSF- 

t cagcgcggac aacc tcacfggc t cc agaggat^jacggggagg tgaa caac 1 t gcagt tag 

2881 — -+ + + — + + + 

agtcgcgcctgttggagtgccgaggtcccatac tgcccctccacttgttgaacgbcaatc 

SAONLTAPBDDGBVNNIiQLA- 

cactggccaggatccaggtzacttggccatcgggccagcagggccagcgccagttacatca 
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l 4. . 

- - — + * + — — + 

CrtgaccggtcctaggtccatgaaccsrgtagcccggtcgtcccgQtcgcggtcaatgtAgt 
LARIQVLGHRASRASASY is 

gcagccactgccgattccactggcccaaggfcggagACcc^gctgggcatgAagcccccac 

3001 + + 4- + * + 

cgtcggt:gacggctaaggtgaccgggttccacctctggcccgacccgt^cttcgggggtg 

SH CRPHWPKVETQLGMXP PL- 

tcaccagctcagaggccaagaaccacattgccactgatgccgtcagtgctgcagtagaaa 
3061 — ~ + + + Z-+Z^J1J1ZZZ+ 

agtggtcgagtctccggttcttggtgtaacggrgaotacgacagtcacgacgtcacccct 
TSSEAKNK lATDAVSAAVCiJ 

acctgacaaagceagctctcagtagccccaaggagaacca^ggggacttcatcactgatc 
3121 + • + + + 

tggactgtttcggtcgaga.gtcatcggggtfccctcttggtgcccctgaagtagtgQctag 

LTK PAliSSPKEKKGDFITDP 

ccaacgtgfcgggtctctgtgccaattgctgagggggaatctgacctcgacgagctcgagg 
3181 ■ + + + + + + 

ggttgcacacccagagacacgggtaacgactcccccttagactggagctgctcgagctcc 
NVWVSVPIABGESDL03I.EE 

aaga ta tggagcaggc t tcgcagagc tec tggcaggaagaggac cccaagggacagcagg 

3241 + * + + + 

ttctatacctcgtccgaagcgtetcgaggaccgtccttctcc tggggttccctgtcgtcc 

DMEQASQSSWQEEDPKGQQ ""3 

agcagttgccacaagtccaaaagtglzgaaaaccaccaggcagccagAagcccagcctcca 
3301 + . + + - + + 

tcgt caacggtgttcaggt t t tcacac ttt tggtggtccgt egg tc ttcgggt cggaggt 

Q L.PQVQKC2NHQAARSPASM- 

tgatgtcctctgaggacctggctccatacctgggtgagagctggaagaggaagga tagcc 
3361 + ™+-„ T + + ^ + 

actacaggagactcctggaccgaggta^ggacccactctcgaccttctccttcctatcgg 
MSSEDLAFYLGESWKRXDSP- 

ctcaggtccctgccgagggagtggatgacacgagctcctctgagggcagcacggtggact 

3421 • + + + + + + 

gagtccagggacggctcccccacctactgtgctcgaggagoc tcccgtcgtgccacctga 

QVPAEGVDDTSSS EGSTVDC- 

gcccggacocagag^aaatcctgaggaagatccccgagctggcacatgacctggacgagc 

3431 «+ + + + .+ 

cgggcc tgggtctcc 1 1 taggac tec t tc taggggc tcgac eg t gt ac tggacctgc teg 

PDPEEILRK IPELAH DLDEP- 
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ccg&tgActgtttcagagaagisctgcactcgcGgctgfcccctgctgcaacgtgAatacta 

3541 + <•-" ^— * 4 + " + 

ggctact^acaaagtctcttccgacgtgagcggcgacagggacgacgttgcacttatgat 

DDC FREGCTKRCPCCKVNTS- 

gcaagtctccttgggccacaggctggcaggtgcgcaagacctgctaccgcatcgtggagc 

3601 — + + + - + + 

cgttcdgaggaacccggtgtccgaccgtccacgcgttctggacgatggcgtagcacctcg 

K S B WA.TG W QVRKTC V R I VE H 
acagctggtctgagagtttcatcatcttcatgatcctgcucagcagtggagcgctggcct 

3661 + + ~ + + + " + 

tgtcgaccaiiactictcaaagtagtaga&gtactaggacgAgtcgtcaccitcgcgaccgga 

SWFESFIIFH1LL5SGALAF 

ttgaggataactacctgg^agagaaaccccgagtgaagtccgtgctggagtacactgacc 

3721 + + + + + + 

aactcdtattgatsrgaccttctatttggggctcacttcaggcacgacctcatgtgactgg 

EDNVLE2KPRVKSVLEYTDR 

gagtgttcaccttcatcttcgtctttgagatgctgctcaagtgggtagcctacggcttca 

3761 + + + + 4 + 

ctcacaagtggaagtagaagcagaaactccacgacgagttcaccc&tcggataccgaagt: 

VFTFlFVFEMLuKWVAYCFK 

aaaagtatttcaccaeLtgcctggCgctggctggacttcctcattgcgaacatctc^ctga 

ttttcataaagtggt^acggaccacgaccgacctgaaggagtaacacttgtagagggact 

K YFTNAW C W L D F L I V N I S 



caagcctcatagcgaagatccctgagcattocgacgtggcgtccatcAAAGCCCTOXrGGA 

3$01 + + + + + + 

gt ccggagta tcgc t tc taggaac t ca t aaggc tgcac cgcaggtag*rrTCGGGAAGCCT 

SLIAKlIiEYSDVAS I KALRT- 

C^CTCCGTGCCCTCCGACCGCTG^GGGCTC^ 

2 95^ — -t- ------- +- »+ ** — — — t 

GAGAGGCACCGGAGGCTGGCGACGCC C 

LRALRPLRAIiSRFBOMRVVV- 

TX^ATKXCCTCGTGGGCGCCATC^ 

4021 + ♦ — + T + * 

ACCTAaSGGAGCACCCXSCQGTAG^^ 

DALVGAI PS IMNVIiLVCLI?- 

TCTGG CTC ATCTTC AGO ATC ATGCGCG f TGAAC CTCTTC GC CGGGAAAO^TTTCGAAOTGCG 

4031 + + + ♦ + " 

AGAC C GAGTAGAAGTCGTAG T AC CXXK^CTTCGAXSAAGCOG C C C TTT AAAAGCTTCACGC 

WIiIFSIKOVK-^FAGKFSKCV- 
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TCGACACCAGAAATAACCCATT^ 
4141 * +--- + +■ + 

AGTGTCJkCAATCA^AACAGC^^ 

4201 * + — + + + + 

TCACAGTCTTAGOTTIXSTCG^ 

CHNQNSTCHFFWVNVKVNFD- 

ACAACGTCGCTATCOQCTACCTCGCACTTCTT^ 

4261 + + + + + + 

TGT^MC AGCCJATACCCGATC3GAGCGTG AAGAAGTC CACCGTTGGAAGYTTCCGACCTAC C 

NVAMGYLAI*I«QVATFK<5WMD- 

ACATAATOTATGOUXTO 

4321 + + + + + + 

TCTAirACATACGTCGACAACTAAGGCCTCOOT 

IMYAAVDSGEINflQPNWENN- 

. AC TTGTAC ATCTACCTCTA CTTCGTCGTTTTCATCATTTTCGGTGG COTCTTCACGC TGA 

4381 + + ♦ + + 

TGAACATQTAC ATCX^ACATG A^ CAGC AAAAGTAGTAAAAG C C ACCGAAGAAGTGCGACT 



IiYMYLYFVVFI IFGGFFTLN- 

ATCTCTTTGTTGGGGTCATAATCGACAAC^ 

4441 + + + + + + 

TAGAGAAAC AACCCC AGTATTAGCOlGTTGAACTTGGT^ CGG 

LFVGVI I DWFNQ Q K K K LGG--Q-- 



AGGACATCTTCATGACAGAAGAGCAGAAGAAGT^ 

4501 + + + + «■ + 

TC CTG TAGAAG TACTGTCTTCTC GTCTTCTTC ATGATGTTAC GGTAC M l"l'Cl"xGGAC CCGA 

D I FMTEBQKKYYNAMK-KLGS- 

CCAAQAAACCCCAGAAG^CCATCCCACGGCCCC 

4561 + + ---+ + ♦ + 

GGTTCTTTGGCSGrrCTTCGGGTAGGGTGC 

KKPQKPIPRPLKKYQGFVFD- 

AC ATCGTGAC CAGGCAAGC C TITGACATC ATCATCAT<MTTCTC ATCTGC CTCAACATGA 

4621 * + + + + + 

TC^AGCACTGOTCCGTTCGGAAACTG TAGTAGTAGTACC AAGAGTAGACGGAGTTGTACT 

JVTRQAFDIIIMVLICLNMI- 

TCACCATC^TGGTCGAGACCGA 

4681 + + + + ♦ + 

AOTGGTACTACCACCTCTGGCTGCTC TCTTCTGCTTC C AAGAC CCGTCTT 



TKMVETDEQGEERTKVIiGtl.I- 
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TCAACC AGTTC'T'rTGTGG CCGTCTTC A CGGGCG AGTGTGTG ATG AATj ATGTTCGCC CTGC 

4741 * +' + * — • * 

AGTTGGTCAAGAAACACCGGCAGAAGTGCCCGC l IC AC ACACTACTTCTACAAGCGGGACG 

KQFFVA VFTGBCVMKMFAtLR 

GAC AGTACT AC TTC ACC AAGGGCTCG AACCT^3TTCGACT CTC r "*C A 

4801 * + + + + ■ 

CTGTCATCATGAAGTCGTTGCCGACCI^ 

QYYF^NGWNVFDF r V V I LS 1 - 

fTOGGGAGTCTGCTGTTTTCTGCAATCC 

4861 + + + * + + 

AACCCTCAGACGACAAAAGACGTTA<G^AATTCAGTGACCT^ 

GSLLFSAILKSLEiJYFSPTL 

TCTTCCGGGTCAKCGTCTGGCCAGGATCGGCCTC^^ 

4921 + + + * + + 

AGLAAGGCCCAGTAGGCAGACCQGTCCTAGCC& 

FRVIRLARIGRILRLI RAAK 

AGGGGATTCGCACGCTGCTCTTCGCCC*I*C^ 

4981 * + + — + + * 

TCC CCTAAGCGTGCGACGAGAAGCGGGAGTACTACAGGOACCGG CGGGAOAAGTTGTAGC 

GIRTLLFAL&IMSI>PALFWIG- 

GCC TCCTCCTCTTCCTCGTCATCTTCATCT^ 

5041 + * + + * * 

C GG AGGAGG AGAAGG AGCAG T ACAAGTAGATG AGGTAGAAGCCG^ACC GG1*CGAAGCG A T 

LLLFLVMFIYS IFGMASFAN 

ACGTCGTGGACGAGQCCGGCATCGACGACATC^ 
5101 — + + + + + 

TGCAGCACCTGCTCCGOCCGTAGCTGCTGTACAAGTTGAAGTTC 
VVDEAGI DDMFNFK T ? C M S M - 



l^SCTGTGCCTOTTCCAGATCACCACCTCSGCC 
5161 + + + -+ ^+ + 

ACGACACGGACAAGGTCT^TOGTGGAGCC^ 

LCLFQ ITTSAGWDGLLSJPIL- 

TCAACACC^XX:CTCCCTACTX^GACCCCAACCTGCCCAACA 
5221 + + + + + + 

AGTTGTGGCCCGGAGGGAOGL^GCTGGGGTTGGACGGG^ 

NTGPPYCDPNL PNSNG5RGH- 

AC'ICCG^ AGC CCGGCGGTGGGCATC ATC TTC TTC ACCAC C T A C ATC ATC ATC TC C TTCC 
5281 + * + + v + 

TGACGCCCTCGGGCCGCCACCCGTAGTA^ 

CGSPAVGIIFFTTYIIISFL- 
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5341 * + + * ♦ + 

ACTAGCACCACTTCTACATC^^ 

IV VWMY IAVIIiBiafNVATSE 

AGAG C ACGGA^CCCTG AGCGAGGACGACTTCGACI^^ 

5401 + + + ■* + • + 

TC TCGTCCCTCGGGG ACTCGCTCCTC CTGAAGCTG1.*ACAA&ATACTCTGGACCCTC TTCA 

STEPLSBDDFDMFYETW3KF 

TO^CCCGGAGCCCXCCCAQTTCA^ 

5461 + + T"-+ * + - — * 

. Aj2CTOGGCCTCCCKTGCK3TCAAGTA^ 

OPEATQPIAFSALSDFADTL 

TCTCCGGCCCTCTOAGAATTCC^ 

5521 * + + + + + 

AGAGK^CGGGAGAATCTTAGGG^ 

SGPLRIFKPNQNIL IQMDLP 

CGTTGGTC CCCGGGGATAAQATCC ACT^CTOGLAC ATCC T'l'TTTG C C TTC AC AAAG AAC G 

5581 + + + + + — ^ 

GCAACCACXXtGCCCCTATTCTAGGTGA 

LVPGDKIHCLDI LFAFTXNV- 

TCTTGGGAGAATCCGGGGAGT^ra^ 

5641 + + + + + 

AGAACCCTCTTAGGCC C C TCAAC CTG AGGGACTTC TGGTT ATACCTTC TC TTCAAA.T AC C 

LGESGELDSIiKTNMEEKFM-.A- 

C GAC C AATCTCTC C AAAGC ATC OTA TG AACCAAT AGC C AC C AC C C TCC G GTCGAAG CAGG 

5701 + * + + + + 

GCTGGTTAGAGACCITTTCGTAGGATACTTGGT^ 

TWLSKASYSP I A TTL R W X Q 2 - 

AAGACCTCTCAGCCACAGTCATTC aaaaog cctaccggagctac atgctx^cac cgctcct 

5761 + + + + + + 

TTCTGGAOA^TCGGTGTCAGTAAGTTTTC 

DJjSATVIQXAYRSYMLK?. s l - 



TCACACTCTCCAACACCCTGCATGTC^ 

5821 + + + * + + 

ACTGTCAGAGGTTCTX3GGACGTACACC^TCCCaACTCCTC 

TLSNTLHVPRAEEDGVSLPG 

CXXSAAfMCTACAlTlACATTCATGGCAAACS^ 

5881 4 * + + + + 

CCCTTCCGATGTAATGTAAGTACCGTro 

EGYI TFMA NSGLPDKSETAS 

C TCCTACGTCTTTCCCGCCATC CTATGACAG TGTC ACCAGCGCC CTG AjGTGACCGGQCC A 
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5*41 4 +; -F- + + + 

G ACGATGCAGAAAGGGCQGTAGGATAC tcicacagtggtccccogactcactggcccggt 

ATSPPPSYDSVTRGXiSDRAN 

ACA^TCAACCCATCTAGCTC^TC 

6001 ~+ + - — - + + + + 

TCTAATTOGGTAGATCGAGT^ACOTTTTM 



INPSSSMQNEDEVAAXEGHS' 

GCCClGGACCKLACTGAAGGCACTCAC^^ 

6061 ™ + + + + *• + 

COGGACCTQG^USXCACTTCCGTG AGTCCGTACGTGTCCCGTC CAASGTTACAGAAAGAGA 

PGPQ*RHSGMHRAGSNVFLC 

GCTGTAOTAACTCCTTCCCTCTGC^^ 

6121 + 4-. — -- + + — + + 

CGAGATCATTGAGGAAGGGACAC 

CTNS FPLiEVAPTSS LH QCMS' 

CACTGOTCATGGTCTCAQAA^^ 

6181 — -s- ■ + + + - + 

GTCACCAGTACCACAGTCTTGACOTACCCCTOT 

LVMVSELNGDILBKAPTPI G 5 

GAATCAAAAGCCAAGGATACTCCTCCATTC 

€241 + +— "+ + + + 

CTTAGTXTTCGGOTCCTATGAGGAGGTAAC 

IKSQGYSSILTSLPSSQKMS- 

CATTGCTCCCTTCTGTTTG^^ 

6301 + + + + + *** 

GTAACGAGGGAAGACAAACACTGGTC TCTGCACTAAGTGGTTGAAGAGCCTCGGTCTCTC 

LLPSVCDQRRDSPTSRSQRH 

ACATAGC AAAG ACTTTTCTG CTGGTGTCGGGCAGTC TTAGAGAAGTCACGTAGGGGTTGG 

6361 + + + + + 

TG TftTCGTTTC TG AAAAG ACGAC C A CAOCC CGTC AG AATCTCTTCAG'TG CATC C C C AAC C 

IAKTFLLVSGSLREVT 

TACTGAGAATTAGGGTTTCKATGACTC^^ 

€421 + — -+ + + + + 

ATGACTCTTAATCCCAAACGTACTGACGTACG^ 



CGGCCATTAAAATTAATJm^raTA^ 

6431 * + + 4.- C524 

GC CGGTAATTTTAATTATAAAAArTC 



035/41 



- 44 

Figure lb 



Nucleic acicl and amino acid secjuence of variant TTXi DRG sodiurc 
channel SNS-C (numbering is the asane ab SNS-B) 



ggaaacggtacccacga&ggcgtgettcctcgtagctccctg^gtgBggttccctcAggca 
cctttgccatgOTtgcttccgc&ctaaggagcatcgagggactcactccAagggagtccgt 

tcaggcaagcccggccaccttcctoggaagcgcggacaagt 
agtccgttcgggecggtggaagcacccttcgcgcctgttCA 



ATGGAGCTCCCCTTTOCGTCCGTGGGAACTACCAATT 

„ + t * — - — + 

TACCTCG?tfX3CCAAACGCAGGCA^ 

tcagacggtt^ctccagagt^^ 



241 ^ + + * t -+ 

^TCTCCCAAGTGAGGTCTCAGTGACCGTCTCTAGCTCI^ 

RRFTPBSLiAEISKQIAAK?. A 
CAGCCAAGAAGGC C AGAACCAAG C ACAG AGGACAGG AGG AC AAGGG CO AGAAG C CC AQ£C 

3 (] 1 «..»..-..-.» — — —- f . . « — — 4 -y- — — — — — — — ••+ — ™ ' — — -.-4.- — — — + 

GTCGGTTCTTCCGGTCTTCGTTCOT 
A-KKARTKHRGQEDKGBKPR?- 

CTCAGClt^AOTTGAAMSACTG?^ 

361 + * — - + + " + 

GAGTCC^CCTCA^CTrrcTGACATTGGTCOACGGGTTC 

QLDliXDCNQLPKFYGELPAE- 

AACTOOTCGGGGAGC CC CTGGAGGACCTAGACCC TTTCTEAC AGCACACACCGGAC ATTCA 

421 + + + + * v 

TTGACCAGCCCCTCGGGGACCTCCTGGATCTGGGA 

LVGEPLSDLDPFYSTHRTFM 

TCGTGTTGAATAAAAGC AGGAC C ATTTC C1XGATTC AGTIXX:CACTTGGGC CC TGTGGCTCT 

4Q1 + ♦ + h ♦ + 

AC CACAACTTATITTCGTC CTCGT AAAGG*?CTAAGTC ACGO TGAACC CGGGACACCG AGA 

VLNKSRT I SRFSATWALWL?- 

TCAGTCCCTTCAACCMAT<1aGAAGAACAOC^ 

541 + + + + ♦ 

AOTC AGGGAAGTTCGA CTAClSrTTCTrGTCGGTAGTTTC ACAGAC AGGTAAOG ACC AAGA 



095/41 



- 45 



S P 



C CATATTCATC*CCATCACTAT^ 

IFITITILVMCVCMTRTDLP 
CJ^AGAAAQTCC^crACGTCTXCACTGTCATTTACACCTTCGA 

EKVEVVFTVIYTFBALIKIL- 

TCGCAAGW35<5aTTK7rCTAAATCAff 

721 ACCGTTCTCC^AA^AOA^ 

ARQFCLNBPTYLRDPWNHLD- 

^CTTCAOTGTCATTACCTTGCXX^ 



_ , - + 

n fk\ .4* — — + — — . — ~ r -i- - 

TGAAGTCAC AGTAATGGAAC CGC ATAC ACCCACG'IO^TATC TGGAGGClX! CTTAGAGTC 

PSVlTliAYVGAAlDX-RGlfiG- 

GCCTGCGGACATTCCGAGttctcagagccc tgaaaactgtt tc tgtgatcccaggactga 

841 + + + + + r~"! 

CGGAasccX^AAGGCTCaag-agt c t cgggacttttgacaaagacactagggtcctgact 

LRTPRVLRAIiKTVSV IPGLK 

aggt ca tcgtgggagccc tga t ccac toag tgaggaagc t ggccga cgfcgac ca tcctca 

$01 + 4- + + + + 

tccagtagcaccctcgggactaggtgagtcactccttcgaccggctgcactgataggagt 

V IVGAIjI hsvrxla dvtilt 

cagtcttctgcctgagcgtctccgccttggfgggcccgcagctct:thcLa.ggggaacctta 

961 + t— + + + 

gtcagaagacggactcgcagaagcggaaccacccggacgtcgagaaattccccttggaat 

VFCLSVFALVGLQLFKGKLK 

agaacaaatgcatcaggaacggaacagatccccacaaggctgacaa.ee tc tea tctgaaa 

1021 + + + + + + 

tcttgtttacgtagtccttgccttgtctaggggtgttccgactgttggagagtagacttt 

NKCIRNGTD3PHKADNLSSEM 

tggcagaatacgtctccatcaagcctggtac tacggatcccttactgtgcggcaatgggt 

1081 + * 4- + + 

accgtcttatgcagaggtagttcggaccatgatgcctagggaatgacacgccgttacoca 

AEYVS IKPGTTOPIiI#CG£IGS- 

cfcgatgctggtcacfegccctggaggctatgtctgcctgaaaactcctgacaacccggatt 
1141 + — + * — + 

gac tacgaccagtgacgggacctccga tacagaeggac ttt t gaggaofcgt tgggee taa 



095/41 

- 4C - 

DAGHCPGGVVCLKTFDNPDF 

1201 tteaCtaCaC ^ ?CtttSattCC "^ 

a&ttgatgtggtcgaaactaaggaaacgcacccgtaaggagagtgacaaggcggAgtact 
NYTSFDSFAWAPLSliFRLMff 

cgcaggactcctgggagcgcctgfcaccagcagacactccgggcttccgggaaaatgtaca 

gcgtcctgaggaccctcgcggacatggtcgtctgtgaggcccgaagacccttttacatgt 

QDS WERLYQQTLRASGKMYM 

tggtctttttcgtgctggttattttccctggatcgttctacctggtcaatttgaccttgg 
1321 ™ *""+~~"" r, *"~""+»«* ^•••.-'wwJi — x« W4 . fc- 

accasaaaaagcacgaccaataaaaggaacctagcaagatggaccagttaaactagaacc 
VPFVLVlFLQSFYLVNJilLA 

ccgtggtcaccatggcgtatgaagagcagagccaggcaacaattgcagaaatcgaagcca 
1381 — _ _ — 4.-- — — - - , + 

ggcaccagtggtaccgcatacttctcgtctcggtccgttgttaacgtctttagctccggt 

VVTMAYEEQ SQATIAEIEAK- 
^^^^AAaAgttccaggaagcccttgaggtgctgcagaaggaacaggaggtgctggcag 
tcctttttttcaaggtccttcgggaactccacgacgtcttccttgtcctccacgaccgtc 

fiKKFQEAIiEVLQKEQBVLAA.r. 

coctggggattgacacgacctcgctccagtcccaoagtggatcacccttagcctccaaaa 
ISO 1 "* "* ** — *»*.w-.»^.«__ fc- .».«. — — — ^ — — ^« _ — _ — . «. . _ _ _ — — w ,^ , ^ 

gggacccc t aac tgtgc t ggagcgagg fccaggg tgt ca cc fcagt gggaatcggaggt 1 1 1 
LGIDTTSLQSHSGS*LASXN- 

acgccAatgagagaagacccagggtgaaafccaagggtgtLcagagggctccacggetgaca 
1561 1- i -j 1. — _ — , „ — _ -— 

tgcggttactctcttctgggccccactttagttcccacagtctcccgaggtgcctactgc 
ANBRRPRVKSRVSEGSTDDN- 

acaggt caccccaa tc tgaccc t tacaac cagcgcagga tgtc 1 1 tec taggee tgtc 1 1 
1621 + + + T + 

tg tccagtgggg 1 1 agac tgggaa tgz tgg tegegtc c t acagaaaggatccggacagaa 
RSPQSDPYHQRRKSFLGLSS- 

caggaagacgcagggctagccacggcagtgtgttccacttccgagcgcccagccaagaca 
1681 + + + * . .+ + 

gtccttctgcgtcccgatcggtgccgtcacacaaggizgaaggctcgcgggtcggttctgt 

GRRRASHGSVPHFRAPSQDI- 

tctcatttcctgacgggatcacccctgatgatggggtctttcacggagaccaggaaagcc 
1741 — — — + + + fc «. _ + 

agagtaaaggaccgccccagtggggactactaccccagaaagtgcctctggtcctttcgg 
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S F PDGI T-PDDGVFHGDQESR 

gtcg&ggttccatattgctigg^caLggggt^ctgggaagacAagtccACtccccaggagcc 

1801 . + + — + * + 

cagctccae.ggtataacgacccgtccccacgacccgtccgtccagg'tgaggggtcctcgg 

R O S I LLQRGACQTGPDPRSP 

cactgcctcagtcccccdACcctggccgfcagAcatggagaag«gggacAgctcggagtgc 

+ + + + + + 

gtgaeggagtcagggggttgggaccggca^ctgtacctcfctctccctgtcgagcctcacg 

LFQSPNPGRRHGBEGQLGVP 

ccactgg-tgagc t taccgctggagcgcc tgaaggcccggca.ctgcacact^acaggg^caga 

1921 + + ♦ ~ — — + 

ggtgaccactcgaatggcgacctcgcggacttccgggccgtgacgtgtgatgtcccgtct 

TGELTAGAPEGPALHTTGQK- 

agagcttcctgtctgcgggctacttgaacgaacctttccgagcacagAgggccatgagcg 

1381 + + + * + + 

tctcgaaggacagacgcecgatgaacttg-cttggaaaggctcgtgtctcccggtactcgc 

SFLSAGYLNfiPFRAQRAMSV- 

ttgtcagtatca,tgacttctgtcattgaggfi.gcfctgAagagt<;t-aagct;gaagtgcccac 

2041 + + * + - 

&acagtc«tagtactgaagacagtaactcct;cgaActtctcagattcgacttcacgggtg 

VSIMTSVIEELEESKLKCPP 

cctgcttgAtcagcttcgctcagaagtatccga.tctgggagtgctgccccaagtggagga 

2101 + + + 4 + -*+ 

ggacgaactagtcgaagcgagtcttcatagact^gaccctcacgacggggttcacctcct 

C LXS PAQKY LZ WECCPKWRK- 

agttcnagatggcgctgttcgagcCggtgactgaccccttcgaagagctcaccatcaccc 

2161 + +-. ■ + — : + + + 

tca<igttctaccgcgacaagctcgaccactgactggggaagcgtctcgaacggtagtggg 

FKMALFELVTDPFAELTI T Z* • 

tcCgcatcgtggt.gaaeaocgtcttcat:ggccatggagcactaccccatga.ccgatgcct 

2221 + + + + ♦ + 

agacgtagcaccacttgtggcagaagtaccggtacctcgtgAtggggtactggctacgga 

C J VVNTVFMAMEHY PMTDAF- 

tcgatgccatgcttcaagccggcaacattgtcttcaccgtgtttttcacaatggagatgg 

2281 + + h + + + 

agct^cggcacgaagttcggccgttgtaacagaagtggcacaaaAa^tgt:fcacotcCa,cc 

DAMLQAGN I VFTVFFTMEMA- 

ccttcaagatcattgccttcgacccctactattacttccagaagaagtggaatatcttcg 

2341 + + + + + 

ggaagttctagtaacggaagctggggatgataatgaaggtcttcttcaccttatagaagc 



035/41 

- 48 - 

FKI IAFDPYYYFQKKWNZFD 

actgtutcetcgtcaccgtgagccttctggagctgegtgcatccaaga,agggcegcctgt 
2401 + : + 4 + + 

t^acacagtagc^tggcaetcggaagacetcgecrcacgtaggttctteccgtc^rgaca 

CVIVTVSLLELSASKRGSLS 

ctgtgctccgtaccttacgctfcgc fcgcgggtcttcaagctggccaagtcctggcccaccc 

2461 + 4 + '+ + 

gacacgaggcatggaat^cgaacgacgcccagaagtfccgaccggttcaggaccgggtggg 

VLrRTLRLLKVFKLAKSWPTL- 

tgaacacoctcatcaagatcafecg^gaactcagtgggggccctgggcaacctgaccttca 

2521 + + 4 + * * 

ac t tgtgggagtagt tc tagtagcoc t tgagt cacccc cgggacccg t fcggac tggaaat 

IJTLIXI IGNfiVGALGNirTFI- 



tMtggccatcatcgtcttcatcttcgccctggtcggaaagcagcttctctcagaggoct 
2S81 + + + + + 4 

aggaccggtagtagcagaftgtagaagcgggaccagcctttcgtcgaagagagtctcctga 

LA I IVF IFALVGKQLLS E DY- 

acgggtgccgcaaggacggcgtctccgtgtggaacggcgagaagctccgctggcacatgt 
2641 - + + «• + + + 

tgcccacggcgttcccgccgc&gaggcacaccttgccgctcttcgaggcgaccgtgtaca 

GCRKDGVSVWNGEKLRWHMC 

gtgacttcttccattccttcc'tggtcgtcttccgaatcctccgcggggagtggatcgaga 
2701 - + ■ 4 + + + 

cactgaagaaggtaaggaaggaccagcagaaggcttaggagacgcccctcacictagctct 

DFFHSFLVVFR ILCGEWI EN- 

acatgtgggtctgcatggaggtcagGoagaaatccatctgcctcatccccttcttgactg 

2761 + «• + 4 + 4 

tgtacacccaga cgt ac c t ccag t egg tc t t taggt-agaeggagcaggagaagaa c tgac 

MWVCMEVSQK5 I C L I LFLTV- 
tgatggtgctgggcaacctagtggtgctcaaccttttcatcgctttactgctgaactccr 

2821 4 + + + + 4 

actaccacgacccgttggatcaccacgagttggaaaa.gtagcgaaatgacgacttgagga 
KVLGNLVVLNLFIALLLHSF 

tcagcgcggacaacctcacggctccagaggatgacggggaggtgaacaacttgoagttag 

2881 + + ♦ + + * 

agccgcgcctgttggagtgccgaggtctcctactgcccctccacttgttgaacgfccaatc 

SADNLTAPEDDGEVNNLQ L A - 

cactggccaggatccaggtacttggocatcgggccagcagggccagcgccagttacatca 

2941 — + + ; + 4 + . + 

gtgaccggtcccaggtccatgaaccggcagcccggxcgtcccggtcgcggtcaatgtagt 

L A R I QVXjGHRASRA SASY 1 S 
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^ogcc^ctgccgattCCfiCtggcccAa.gcrtggagaccca^ctg^goa.tS'aagcccccAC 

300X + — + + + - + ^* 

cgtcggtgncggcta«ggtgACcgggttccocctctgg£ft<sgACccgtaettcgggggte 

SHCRFKWPKVETQLOMKPPIi 

tcaccagctcagaggccaagaaccacattgccactgatgctgtc^gtgctgcagtgggga 

3061 — ■+ — + + + + 

agfcggtcgegtctccggttcCtggtgtaacggtgactacgAcagtcacgacgfccacccct: 

TSSEAXNHXATDAVSAAVGN 

aoctgACAaagccagctctcagtAgccccaaggaga«ccacggggacttcatcaotg*tc 

3121 +— + + + * 

tggactgtttcggtcgagagtcatcggggttcot<2ttggtgcccctgAagtagtgact.ag 

IjTKPALiS SPKENHGDF I T D ? 

cca&cgtgtgagtctctgtgcccattgotgagggggaatctgacctcgacgttffctcgagg 

3181 + + + + ♦ "■ 

ggttgoacacceagagacacggg taacgac tceccc ttagac tggagc tgc tcgagcfccc 

NVWVSVPlAEOESDI.DEr.2E 



aagatotggagcaggcttcgcagagctcctggoaggaagaggaccccaagggacagcagg 

3241 «■ ♦ • + + + - ~ + 

ttctatacctcgtccgaagcgtctcgaggaccgtccttctcctggggttccctgtcgtcc 

OMEQASQSSWQBEDPKGQQB 

agcagfctgccacaagtccaaaagfcgfcgaaaaccaccaggcagccagaagcccagccfccca 

3301 + — -4 + + + + 

tcgtcaacggtgttcaggttttcacacttttggtggtccgtcggtcttcgggiicggaggt- 

QLPQVQKCENEQAARS P A S M - 

tgatgtcctctgoggacctggctccatacctgggtgagagctggaagaggaaggataacc 

33*1 + —- ► + + * * 

ac tacaggagac tc c tggaccgaggta tggacccac t ctcgac cttctccttcc tcgg 

MSSEDliAPYLGESWXRKDSP- 

ctcaggtccctgccgagggagfcggatgacacgagctcctctgagggcagcacggtggacr 

3421 + + + + + 4 - 

gagtccagggacggctocctcacctactgtgctcgaggagactcccgtcgtgccacctga 

QVPAEGVDDTSSSEGSTVDC 

gcccggacccagagga^E-Ccctgaggaagatccccgagctggcacatgacctggacgagc 

3481 : * + + -"- + * 

cgggcctgggtctccttt^iggaocccttctaggggctcgaccgcgtactggacctgctcg 

PDPEEILRKIPBLAHDliDBP- 

ccgatgactgtttcagagaaggctgcacrcgccgctgtccctgctgcaacgtgaatacta 

3541 + + + * + + 

ggctactgacaaagtctcttccgacgtgagcggcgacagggacgacgttgcacttatgat 

DDCFREGCTRHCPCCNVWTS- 
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gcajigtctccttgggccacaggctggcaggtgcgeaagacctgct^ccgcatcgtggagc 
3601 -r + + * + + 

cgttcagaggdacccggtgtccgaccgtccacgcg'Ctctggacg^tggcgtageacctcg 
X £ PWATCWQVRKTCYR J V ' 2 H 
acagctggtttg6gagtttcatcatcttcafcgatcctgctcftgc-agtg^e.gcgctsrgcct 

3661 + + + + + + 

tgtcgaccaaactetcaaag^gtagaagtactoggacgagtcgtcacctcgcgaccgga 

5WFE3FI IFMI LLSSGAIiAr 

ttgaggataactacccggaagagaaaccccgagtgaagtccgt^ctggagcacactgacc 

3721 + ■ + + + 4 + 

aac toe t a t tga tggacc 1 1 c t c 1 1 1 ggggc tcac 1 1 caggcacgacc tcatgt gactgg 

ED NYIiEEKPRVKSVLEVTDR 

gagtgttcaccttcaccttcgtctttgagatgctgctcaag-tgggtagcctatggcttca 
3781 + + + + + 

ctcacaagtggaagtagaagcagaaactctacgacgagtt^acccatcggataccgaagt 

VPTF IFVPEMLXiKWVAYGFK 

aaaagbatttcaccaatgcc tggtsfctggctggact tec teat tgtgaacatctccctga 
3641 + + + +- + T 

ttttcataaagtggttacggaccacgaccgacctgaaggagtaacacttgtagagggact 
KYFTHAWCtfLDFIflVNXSL? 



caagcctcatagcgaagatccttgagtattccgacgtggcgtccatcAAAGCCCTTCGGA 
3901 + — + + + + + 



gttcggagtatcgcttctaggaactcatadOTCtgcaccgcaggtagTTTOGGGAAOCCT'' 

SlilAKI LEYSDVAS IKALRT- 

CTCTCCGTGCCCTrcCGACCGC 

39€1 + + + + + 

GAGAGGCACGGGAGGCTGGCGAO^CCOAGACAGAGCTAAGCTTC 

LRALRP LRALSRFEGMRVVV- 

TGGATGCCCTCGTC^CGCC^ 

4021 + + + + + . + 

ACCTACGGGAGCAC C CGCGGTAGGGG AGGTAGTACTTGC AGGAGGAGCAGACGGAGTAGA 

D A L» V G A IPS IMNVLLVCL I F - 

TCTGGCTC ATCTTC AGO ATC ATCX^CG'TGAAC CTCTTCGCCCGGAAA'l'l'l^CGAAGTG CG 

4081 + + +• * + ■ ♦ 

AGACCGAGTAGAAGTCGTAGTACCCGCACTTCGAC^ 

WL IPS I MGVNLFAQKFSKCV- 

TCGAC^CCAGAAATAACCCAWTO 
4141 +• + 4- + ♦ + 



AGCTGTGGTCTTTATTGGGTAAAAGGTT^ 



09S/41 



- 51 - 

DTRNWPFSNVMSTMVNNKS'E 
4201 + + + + + ^ 

CHNQNSTGHFFWVNVKVNFD 

ACAACGTCGCTATCCCCTACCTCGCACT^tCTTCAGG 'rGGCAACCTTCAAAGGC TGGATOG 
4261 + + + + + _ 

SCTTGCAGCGATACCCGATC^GCGTC 

WVAMCY LALIjQVATFKGWMO* 

ACATAATGTATGCAGCTGTTTGATTCCGGAGAGATCAAC GAACA 
4321 + + 4. ^ + J + 

TGT ATTACATACGTCGACAACTA AGGC CTCTCTAGTTGTCAGTCGCATTG AC CCTCTTC? 
IMYAAVDSGEINSQ3PNWENK 

43fi! + + + + 

TCAACATCl^CATC^CATOAAGCAGC^^ 
LYMYIiYFVVFI IFGGFFTLtl- 

ATCTCTTTGTTGGCGTCATAATCGACAACT^^^ 

4441 + + + + + + 

TAGAjGAAACTlACCCCAGTATTAGCTC^ 
LFVGVIIDNFKQQKKKLGGQ- 

AGGACATCTTCATC^CAGAAGAGCAGAAG^ 

4501 ► + - + + + + 

TC CTGTAGAAG TAC TGTCTTC TCGTCITCTTCA 

DIFMTEEQKKYYNAMKKLGS- 

CC AAG AAAC C C C A GAAGC CC ATC C C ACGGCCCCTGLAAT AAQTACCAAGOC TTCGTGTTTG 

4561 + --~ + -+ 4 + + 

GGTTCTJ'TGGGGTCT'lCGCrG TAGGCTGCCGGGGACTTATTC ATCXZTTC CQAAGCACAAAC 

K K ? Q K P I PRPLNKYQCFVFD- 

ACATCGTOACCAOGCAAGCCTTl^ACATCATCATCATG^ 

4621 + + + : + + + 

TGTAGC ACTGGTCCG TTCGG AAACTQTAGTAGTAG T ACCAAG AGTAGACOSAGGTTGTACT 

IVTRQAFDII IMVLICIiNMI- 
TC ACCAU^GATGGTGG AGACCGACG AG CAGGGCGAGGAGA AGACGAAGGTTCTGGGC AGAA 

<iGai <♦ + + + + 

AGTGCTACTACCACCTCTGXXTTC^TCGTCCCGCTCCTC 

TMMVETDEQGEEKTKVLGF. t - 

TCAACCAGTTCTTTCTGGCCGTCTINC 

4741 ♦ + + + + + 

AGTTGG TCAACAAACAC CGGC AG AAGTG C C CGCTCAC A CACTAC TTC T AC AAGCGOG AC G 

WQFFVAVFTGECVMKMFALR- 
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GACAGTfcCTACITCACCAACG^ 

4801 + + - + + + 

CTCTC^Ta*TGAAGTGX5TTGC 

QYYFTNGWNVFDFIVVILSI 

4661 + + 1. + + + 

AACCCTCAGACGAC AAA AOACGTTAGGAATTCAGTC ACCTTTTGATGAAGAGGGGOTQCC 

OSLIiPSAILKSLENVFSPTL 

TCTTCCGGGTCATCCGTCTGGCCAGGATCGGC^^ 

4921 + + + + + + 

AGAAGGCCCAGTAGGCAGACC<»TCC?AGCC 

PRVIRLtARIGRILRIilRAAK 

AGGQQATTCC5CACGCTGCTCTTCGCC C TCATGATO^^X:CTGCCCGCCCTCTTCAACATCG 

4981 + + — * + + + 

TCCC<^AA<^GTGC(»CGAGAAGC 

GIRTIiLFALMWSLPALFNIG- 

GCCTCC^rcCTCarTCCTCGTCATC 

5041 + + + + +■ + 

CGWAGQAGGAGAAGGAGCAGTAOAAGTAC^TGAGGTAG^^ 

LLLFIjVMFIVfi IFGKASFAN 

ACGTCGTGOACGAGGCCGGCATCGACGACAT<^^ 
5101 + + + + + „^ 

TGCAC3CACCTCCTCCGGCCGTACCTCCTGTACAAGTTGAAG*TO 
VVPEAG I DDMFNFKTFGNS M*"-* 



TGCTGTGCCTCTTCCAO&TCACCACC^ CCATCC 

5161 + + + + + + 

ACGACACGGACAAGOTCTAG^aGTCGAGCCGGCCGACCCTO 

tiCLFQlTTSAG WDGtiLSPIL 

TCAACACGGGGCCTCCCTACTGCGACCCCAACCTGCCCAACAGCAACGGCTCCC 
5221 + + + + + + 

AGTTGTCCCCCGGAGGGATGACGCTGGGGTTG 



NTGP PYCDPNLP XSNOS R G N - 



ACTGCGGGACCCC GGCGGTGGGCATC ATCTTCTTC ACCACC TACATCATCATCTCC TTCC 

5281 + ♦ + + + + 

TGJVCGCCCTC(^CCCGCCACCCGTAGT^^ 

CGSPAVGIIFFTTYI IISFL 



TCATCGTGGTCAACATGTACATCGCAGTGATTC^ 

5341 + + + — + — + + 

AGTAGCACCAGTl^rcTACATGTAGCGTCACTAAGA 



I.VVNMY I A V I LEKFNVATS E- 
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TCTCGTGCCTCGGGGACTCGCTCCTC 

S'TEPLSB'DDFDMFYETVTEKF 

TCGACCCGGAGGCCACCCAGTTCATTGCCTTT^ 

5461 + + + + + + 

AGCTGGGCCTCCGGlSGGTCAAGTAACGGAA^^ 

. TCTCCGGC C C TCTT AGAATCCC CAAAC CCAACCAGAATAT ATTAATCCAG ATGGACC TGC 
5S21 + ♦ + + + 

AGAMCCGGOAGAATCTTAGGGGTTTC 

SGPLRX P K t> N Q N I L IQMDLp- 

CGTTCX?TCCCCGGGGA!EAAGATCCACT^ 
5581 — + + ■ + + + + 

GCAACCAGGGGCC CCTATTCTAGGTGACAG AC C'lV^AG&AAAAACGGAAQTCTlTCTlXSC 
IiVPGDKIHCLDII«FAFttKNV- 

TC TTGGGAGAATC CGGGGAGTTGG ACTCCCTGAAGAC C AAT ATGGAAGAG^ 

5641 + + * + + + 

AGAACCCTCTTAGGCCCCTC^CCTGAG^ 

LOSSGELDSIjKTNMEEKFMA- 

CG ACCAATCTCTCCAAAGC ATC CTATGAACCAATAGCCACCACCCTCCGCTQGAAGCACSG 
5701 + + ^_„ r + + + 

GCTGGTTAGAG AGG TTTCGTAGG ATACTTGCTTATCGG TGG1KSGG AGJGC CACCTTCG TCC 

TNLSKASYEPIATTLRWKQE- 

AAGACCTCTCAGCCACIAGTCAT^ 

57€1 + + + 4 + + 

TTCTGGAC^CTCGGTGTCAGTA^^ 

DLSATVI QKAYRS YMLHR S I, - 



TGACACTCTCCAACACCCTGCATGTGCCCAGGGCTGAGOAGGATGGC 
5821 + + + + + + 

ACTGTGAGAGGTTGTGGGACGTACACGGCTCCC^ 

TLSNTLHVPRAEEDGVSLPG- 

GGG AAGX3CTACATTACATTCATGGCAAACAGTGGAC 

5381 + +* + -h . + + 

CCCTTCCCACraTAATCTAAGTACCCTT^ 

EGy ITFMANSGLFD KSETAS- 

C TOCTACGTCTTTCCCGCC ATCC T ATC^C AQTOTCACCAGGGQCCTCAGtCGACCGGGCC A 

5941 + ♦ + + + + 

GACGATGC AGAAAGGGCGGTAGG ATACTOTCACAOTCQTCCC CGQACTCAC1GGCCCGGT 

ATSFPPSYDSVTRGLSDaAtf- 

ACATTAACCCATCTAGCTCMTGCAAAATGAAGATGAjC^TTC 
6001 + + + + + + 
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2NP SSSMQUS0EVAAKEGNS 



GC CCTGGACCTC AGTGAAGGCACTC AGGC ATGCAC AGGK3CAGGTTCCAATCTC*TITCTC T 

60S1 + + + ♦ + — - - — 

CGGGACCTGGAGTCACTTCCGTG AGTC CGTACGTCTCCCGTCCAAG<S?T1ACAGAAAGLAGA 

PGPQ*RHSGMHRAGSNVFLC 

GCTGTACTAACTCCrrcCCTeiCaAOT 

6121 + + + + + + 

CGACATCUTTGAGG^GGGAGACCTCCACCGTG^ 

CTUSFPIiEVAPTSSLEOCMS- 

CAClWTCATCC?rGTCAGAAOTGAATGOG^ 

61S1 — - + + + ♦ + + 

GTCACCAGTACX^CAGTCTiaA^ 

LVMVSELNGDILEKA PTPIG- 

GAATCAAAAGCCAAGGATACTCCTCCATTCT^CGTC 

6241 + + + + —+ 

CTTA CglU ' l ' l 'CGG'fTCCTATG AGG AGGTAAG ACTGCAGGG AAGGCTC AAGGGTCTTCTACA 

IKSQGYSS I.LTSLPSSQKMS- 

CATTGCTCCCTOCTGTTTGTCA^ 

6301 + + + H + + 

GTAACGAGGGAAGACAAACACT»3TCTCTCC^ 

LCiPSVC-DQRRDSPTSRSQRa 

ACATAGC AAAGACTTTTCTGCTtXSTOTCG^ CAG TCTTAGAGAAGTCA.CGTAGGGGOTGG 

6361 + + + + + + 

TGTATCGTTTCTGAAAAGACGACCACAGCCCGTCAG AATCTCTTCAGTCCATCCCCAACC 

IAKTFIiLVSGSIjREVT * 

TACTGAGAATTAGGCTTTGCATGACTGCAT<^ 

6421 + + + + * 

ATGACTCTTAATCCCAAACGTACTGACGTACGAGTGTCGACGGC ctgttatggac AC tc a 

CGGCCATTA\AAOTA^TATTlTTrAAAGOTAAAAAAAA 
6481 - + -t- + + 6524 



GC CGCT^ ATTTT AATTAT AAAAA TTTG AATrTOTTTTTTTTTTT 
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Figure 1c 



llucleic acid and amino acid sequence of v^ridnt TTXi DRG sodium 
channel - SNS-sbort form (same nuaal>erii;g ^ s sns-b) 

5 1 ctgggagag«Ao.gcgtctcgcctagcgactcccagag-ctttA«gccgggaa9g9acaagc 

gtcaggacatctcagaatcccgaacctCCtagggaggsraggttctCacctccatgcttcc 

cgtoggaacctaatcccaattatttagctgtatttataatacaaAatatgaarctta 

aacgtacAaaatigctttcccagcatgcctgcatctcctcctagAgfccctgtMiccaagGc 

ctctctactctcagtaccgcasja^iaagaaacaagctttacgtgagaaacccaggcactgg 

atcttatccaggtgctcacotcagagtctttagi:gggtgtagcgctgtggcagagcattt 

ggttatagatacAaAcccagggcagggagactgcagtggccattctctcccaggccagac 

gtgccc tga tcct tcccacdgflgatgagaaggctggoaccagaacac fccagg 1 1 1 tggc t 

tctcttgggggaggagaggtaatcttgttactttaataacatcagtgtgtccctctcctctac 

taggaggocaggaca tc t tc 



ATCACAGAAG&GCACAAGAAOTACT^ 

+ * + + ^+ 

^ACTGWITCTCOTC 

MTEEQKKYYNAMKKIjG s- 

CCAAGAAACCCCAGAAGCCCATCCCACGGCCCCTC^ 

4561 + + + + + + 

GGTTCTTTGGGGTCTTCGGGTAGGGTGC^ 

K KPQKP I ? R PliNKYQGFVFD- 

AC^TCGTCACCAGGCAAGCCTTTGACATCATCATCATG^ 

4<S21 r + f + + + 

TGTAGCACTGCTCCGTTCGGAAA 

IVTRQAFDIIIMVLICLNMI 

TCACCATGATCGTGGAGACCGACX1AGCA 

4581 + + + + + + 

AGTGGTACTACCACCTCTCkXrrGCTCGTCCC^^ 



TMMVETDEQGEEXTK.VIiGRX- 

TCAACCAGOTCTTTGTGGCCGrrcTTCACGG^ 

4741 - + — ► +«■ * + 

AGTOWTCAAGAAACACCGGCAOAAGT^CCGC^^ 

NQFFVAVFTGECVMKKFALR 

GACAGTAOTACTTCACCAAC^^ 

4801 + • + + +■ (- + 

CTGTCATGATCAAGTGGTTCCCQACCTTGC 
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QYYFTNGWtfVFDFIVVILSI 

4861 + + + + + 

AACCCTCAGACGACAAAAOACGT3AG<3ftAT 

GSLLFSAIL.KSLENYFSPTL 

TCTTCCGCGTC ATCCGTCTGGCCAGOATCGGCCGCA CGAGCAGCC A 

4921 ™ + <* + + — * + 

AGAAGGCCCACTAGGCAGACCGGTCCTAGCCGGCGTAGGAGTC 

FRVIRLARI GHILRIiX R A A K 

ACXJGCIATTCGCACGCTGCTCTTC 

4961 + + + — + + + 

TCCCCTAAGOSa^GAC^GAAGCCGGAGT^ 

GIRTLLFALMMSLPAIiFNIG- 

GCClXXriCCirTTCCTCGTCA^ 

5041 + + + + + ^ 

CGGAGGAGGAGAAGGAGCAGTACAAGTAGATGACGT^ 

LLLFLVMF I Y £ IFGMASFAN 

ACGTCGT^ACQAGGCCGC^ATCGACGACATGTTCAACTTC 

5101 + + + + + 

TGCAGCACCTGCTCCGGCCGTAGCTGCTG^ 



TGCTGTGCCTGTTCCAGATCACCACCTC C 

5161 + * + + + -i" 

ACGACACGGACAAGGTCTAGTGGT^ 

LCLFQITTSAGWDGLL.SPIL 



TCJUWCACGGGGCCTTCCCTACTGCGACCCC^ 

5221 + + + + r+ + 

AGTTGTGCCCCGGAGGGATCACGCTOGGGTTOTACGGGTTC 

N T G P P Y C D^^ilj^i^SllGSRGli' 

ACTGCGGGAGCCCGGCGGTGGGCAXCATCTTCTTCACCACCTACATCATCATCTC 

52S1 + + 4- + + + 

TG&CGCCCTCGGGCCGCCACCCGTAGTAGAAGAAGT^ 

CGSPAVGIIFFTTYIIISFL 

TCATCXJTGQTCAACATGTACATCGCA^ 

5341 + + + + «• + 

AjOTACCACCAGTTCTACATOTAGCGTCACTAAGACCTCTTGAAG 

I V V N H Y IAV IL EUFNVATEF- 

AGAGCACG<^GCCCCTGAGCGAGGACGACTTCGACA 
5401 + + + + . + + 



TCTCGTGCCTCGGGGACTCGCTCCTGC 
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STEP L S EDDFDMFY ETWEKF- 

TCGACCC^AGGCCACCCAGT1<!ATTC^ 

5461 1- + + + + 

AQCTGGG<XTCCGGTCX«3TCAA^ 

DPEATQFIAFSALS D F A D T I> 

TC TCCGCC C C T CTTAG AATC CCC AAAC C CAATCAGAATATATTAATCCAGATOOAC C TOC 

5521 + — -+ + -f + + 

AG AOG^CGGGA<3AATCTTAGGGC^^ CTGGACG 

SGPLRI PKPNQK I LIQKDIiP- 

CGTTGGTCCCCGGGGATAAGATCCACTOTCTOCiACATC CTTTT TC CC TTCACAAAG&ACG 

SS81 + w+ + 4 +- + 

GCAACCAjQGGGCCCCTATTCTAGCT^^ 

LV PGDKIH CLD ILFAFTKNV- 

TCTTCWGAOAATCOGGGU^GT^^ 

5641 - — h + + + + + 

AGAACCCTCTTAGGCCCCrTCAACCT^ 

L,GE5GEtiDSLKTNMEEKF MA- 

CGACCAATCTCTCCAAAGCATCCIV^ 

5701 + r + + + + + 

GCTGGTTAGAGAGGTTTCGrTAGGATACTTGGTTATC CACCTTCGTCC 

TNLSKASY.EPIATTIiRWKQE- 

AAGAOC TCTCAGC C ACAQTC A f TTC AAAAGG CC TACCGGAGCTAC ATG CTG CACCGCTCCT 

5761 * + + - — + 

TTCTX^AGAGTCGGTGTCAGTAAGOT 

DIj SATVIQKAYRSYMLHRSL- 

TUACACTCTCCAACACCC»3^ 

5821 + + + + + * 

ACTGTCAGAGGTTCTOOQACGTACA^ 

TXiSl^TLIlVPRAEEPGVSLFG- 

GGGAAGGCTACATTACATTCArGGCAAACAGTGGACTC 

58C1 * + + + + + 

CCCTrcCGATGTAATGTAAGTAJTCGTTrrcTCA 

E G Y JTFHANSGLP'DK SETAS- 

CT^TACGTCTTTCCCGCCATC 

5941 + + + + + + 

GACGATCK^AGAAAGGGCGGTAGGATACTCTCACACTOGTC 

AO?SFPPSYDSVTHGLSDRAN- 

ACATTAACCCATCTAGCTCAATGCAAAATGAAGXl^^ 

6001 - ^ + + 4- + 

TGTAATTC*XrrAGATCGAGTTACGTTT^^ 



INPSSSMQNBDEVAAKEGNS- 
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GCCCTGGACCTCAOTG^ 

6061 + + + + * I" 1 " 

CGX5GACCl<X;AGrrCACTTC 

POPQ*RHSOMHRAGSNV?LC 

GCTCTACTAACTCCTTCCCTCttXSA^^ 

€121 + + + + + + 

CGAC ATGATTGAGGAAGGGAGACC TCCAC CG TGGTTGGAGC TCG<^G<inX3GTTACG'I!AC A 

CTMSFPIiEVAP'TSSI/HQCHS^ 

CACTGOTCATCGTGTCAGAACTCAATCGGGA 

6161 + + + ' " + + + 

GTX^CC AGTACCACAGTCTTGAC TTACCCCTGTAGGAACTCTTTCGGCSGGrroGGGTTATC 

LVMVSBLNGDILEKAPTPIG- 

GAATCAAAACCCAAGCATACTCCTCCATT^^ 

6241 + + * ' ► * + 

CTTAGTTOTCGGTTCCTAlX^ 

IKSQGYSSILTSLPSSQKHS- 

C ATTGCTCC C TTC TCTTTGTG AC C AGAQ ACG TGACTCACCAACTTC TCGGAGCC AGASAC 

6301 + + — + + + + 

GTAACGAGGGAAGACAAACACTCGTCTCTGCAC 

LLPSVCDQRRDS PTSRSQRH 

AC AT AG CAAAG ACTTTTCTCCOt^lVS^ 

6361 + 4- 4 + +- + 

TGTATCGTITCTGAAAAGACGACCACAGCCCGTCAGLAATCTCTTCA 

IA KTPLLVSG SLRSVT* 

TACTGAG AATTAGGGTTTGC ATGACTG CATC CTC A C AGCTGCC GJGAC AATAC CTGTGAGT 

6421 + + 4 + + ♦ 

ATGACTCTTAATC C CAAACGTAC TGACGTACGAjG TGTCG ACG<XJCTG TTATG GACA CTCA 



CGGCCATTAAAATTAATAT^-TTTAAAGrTTA 

6461 + + + 4 

GCCeCTAATCTTAATTATAAAAATTTC 



6524 
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Figure Id 



Sfx-urtu r# of JWS-B v rt ltA«e-«Kted sodium channel in pGEM^Z 

SNS-B voltage gated sodium channel 

PNC IB XOI- construct 




Cons cruets were -ffenervted. in." po^a . 3Z 
iid pGem with bluescri.pt polylinkera 
. Linearisation site ±a KM*! 
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Figure le 




0S5/41 



ex - 



Figure 2 



Sequence o f PCR primers for isolation of hnman clnne nrobes 

a) Highly conserved regions of all sodhmt channels 

1) Position 2475- 2510 S4 Domain 11 

Degenerate primers (20-24mers) encoding amino acid residues 
RLLRVFKXAKSWPTL 
or non degenerate primers within this region 
e.g. 5' gcttgctgcgggtcttcaagc 3* 

2) Position 3961 - 40 10 S4 domain III 

Degenerate primers encoding the complementary strand encoding residues 
LRALPLRALSRFEG or non degenerate primers within this region- 
e.g. 5* atcgagacagagcccgcagcg 3' 

b) Unique sequence primers for SNS~homologues 
e.g. residues within the region 2641-2680 

e.g. 5' acgggtgccgcaaggacggcgtctccgtgtggaacggcgagaeg 3 f 

and complementary sequence within the region 3375 and 3420 
e.g. 5* ggctatccttcctcttccagctctcac(xaggtat 3* 



0S5/41 



- 62 - 

Figure 3 

In vitro synthesis of S-35 methionine labelled SNS-B voltage gated sodiu 
channel in a coupled transcription/translation system 

A B C D 




Autoradiograph of a 7.5% SDS polyacrylamide gel, showing the migration of 
labelled proteins compared to the sizes of known molecular weight markers 
(Amersham rainbow markers). Lane A control; Lane B SNS-B, Lane C SNS-B, L 
D control. The predicted 200kDa band representing the SNS-B sodium channel is 
arrowed. 
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Figure 4 a. 



Dl -extracellular 
construct for SNS antibody 



pat 0,4 i*t pGe*~5x-3 <0.4kB> 



GST 



{ Stop in oaclt frewn« 




2>Xunc fipM in sm&x 
TCC COT ACG CTG CAG CTC W 



PstX,8AlG2; i» Xfaol 
I > + 



C- terminal (intracellular) 
construct for antibody 



Spfal 0,9 («aaX-0pHI 3' -end) 



GST gene 



pGax-4?-2 <0,2kB) 



Stop in 
NaCh insert: 



CCC 9GG GAA GGC XAC 




BmaX 




0ph2, Pfltl, 

in MioX 
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Figure 4b 



Extracellular D3 
construct for antibody 



GST crexie 



SalGT-PrA(Notl) from Bam-Xhol 3,3kB in 
N 



Stoy In oacfc. 
f ratae 




otc am: acc aga aat 



3?rA (NotI> in tfatl 



Intracellular D1-D2 
construct for antibody 



GST crexie 



Petl-pr24 from Psfcl 1.7 in 



I pQ*x-47-2 <0,45W3) 



J fltop in eacit freun«s 




OGA TCC TCT AGA OTC <3AC CTO CAO AAQ GttA 



BamfiX 



flalQI 



FBtl 



pr24 in 0mai 



